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Abstract 
 
With an ever-expanding population and rapid modernization, China is faced with 
transportation related problems that are both familiar and foreign to the rest of the industrialized 
world.  There is also a large increase in rural-urban migration, resulting in high income 
disparities and thus diverse transportation needs.  While a small but growing percentage of the 
urban population is adopting automobiles, there are still many people who rely on two-wheel 
transportation.  Engineers in many of the urban cities are facing challenges resulting from an 
increase in the number of conflicts between various forms of transportation including bicycles, 
buses, cars, electric bicycles, and pedestrians.  This thesis examines practical and economical 
measures that could be taken to reduce the number of conflict points at intersections, which are 
tested through simulation using VISSIM microsimulation software.  To test different 
configurations, representative intersections in China were analyzed.  The data collection for three 
intersections took place in July 2008 in the city of Kunming, in southern China.  The unique 
traffic flows and geometric layout at each intersection resulted in various alternatives being 
applied at each intersection.  Those alternatives included signalized changes such as delayed 
green signals and separate bicycle phasing as well as geometric changes such as the addition of 
turn lanes.  There are four main parameters for the evaluation of the existing conditions and the 
alternatives, and they are speed, delay, queue lengths, and travel times.  Each alternative was 
compared with the existing conditions to determine their effectiveness of reducing conflict while 
quantifying their impact on the traffic parameters.  The addition of right-turn lanes, which does 
little to decrease conflicts relative to other alternatives, yielded the shortest queue lengths, delay 
and average travel times while separate bike phases, which eliminates or greatly reduces conflict 
the exposure of bikes, proved to increase delay for most road users.  The findings in this report 
could provide other engineers and researchers with information that could not only lead to 
further research, but changes to roadway design policies as they relate to bicycle traffic in not 
only China but in the rest of the world. 
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Chapter 1 Introduction 
 
Although policy aimed at including bicycles in the design process for roadways has been 
minuscule to nonexistent in many places throughout the United States; for China, the opposite is 
true.  While traveling on the roadways of any large city or small town in China, it is inevitable 
that there will be an interaction with bicycles at some point.  The diverse traffic streams in most 
Chinese cities include passenger cars, heavy trucks, buses, bicycles, motorcycles, pedestrians, 
and electric bicycles.  To drivers of many western countries, the scene along many of the urban 
roadways appears very chaotic as cars constantly change lanes, and pedestrians and bicycles 
weave through the congestion that the automobile drivers must endure.  Conversely, in an effort 
to escape traffic congestion, many automobile drivers seek shortcuts by traveling in bike lanes.  
These seemingly disorganized driving conditions not only potentially lead to more traffic 
congestion, but the conflict between motor vehicles and bicycles contributes to accidents that 
often result in serious injury or death. 
With approximately 20 percent of the world‟s population, China‟s growth continues to 
increase despite efforts by the government to restrain it.  Although the actual numbers are not 
exactly known, it is estimated that the current population of the country has surpassed 1.3 billion 
people, which has risen from about 570 million since the early 1950‟s (National Bureau of 
Statistics 2008).  By the year 2020 the population is anticipated to reach 1.46 billion people.  A 
population this large inevitably leads to challenges connecting and moving people between and 
within cities. 
In the past, China has been called the “kingdom of bicycles” because bicycles have been 
for many years the most popular and cheapest form of transportation for its citizens.  The 
popularity of bicycles in China began during the Qing dynasty in the late 1800s.  However, the 
majority of bikes began to be purchased through a government sponsored program in 1949 that 
was introduced with the transition of a new government.  By 2001, the country had an estimated 
540 million bicycles or about one bike for every two people.  Bicycles were and still are a very 
viable form of transportation in Chinese cities because of dense populations and the availability 
of exclusive bike lanes.  With little room for passenger car parking and the ability to skirt around 
traffic, bicycles provide a great alternative from public transportation and automobiles.  Mobs of 
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bicycles can often be seen spilling into automobile lanes during peak traffic hours.  However, in 
recent years China has enjoyed economic prosperity that has created an expanding middle class 
as well as a large rural to urban migration.  As a result, this new emerging class has afforded 
people, who once had to walk, ride bicycles, or were reliant on public transportation to reach 
their destination, the opportunity to obtain a private vehicle.  In addition, as the cities become 
crowded and more expensive to live in, a trend of suburban living is emerging in China as well. 
Sections of farmland near cities are quickly being transformed into apartments, retail space, and 
office buildings.  New roadway and highway networks are being constructed to serve 
decentralized populations, and public transit facilities are struggling to provide competitive 
service to some of the unorganized development patterns.   For example in Shanghai, urban 
planners estimate that over next ten years, that as many as five million people will move into 
what is being termed as “satellite cities.”  The liberalization of the real estate market coupled 
with family‟s desires to have a little more space has lead to this trend (Powell 2008).  In 1987, 
municipalities were given the opportunity to assign monetary value to land parcels.  A large 
percentage of the land‟s value was determined by its distance from the central business district, 
which helps to encourage development along the perimeter of the cities where land is cheaper 
(Chinese Academy 2003).  Some cities are building high speed rail lines to help reduce longer 
commutes and traffic congestion and link larger cities, but many of newly wealthy individuals 
still choose to buy motor vehicles.  Those new drivers are entering roadways with other new or 
fairly new drivers that have very little experience behind the wheel and limited knowledge of 
rules of the road.  While a large percentage of the urban population is adopting automobiles, 
there are still many lower income migrants who rely on two-wheel transportation (Chinese 
Academy of Engineering 2003).  In an effort to appear more modern, the Chinese government 
has not only begun promoting the manufacturing and purchasing of passenger vehicles and the 
infrastructure required for the increase in traffic, but they have also prohibited the use of bikes in 
certain areas of many larger cities, which has met some resistance from citizens. 
Despite this growth, relative to its population, China currently has very few motor 
vehicles on the road, and of those vehicles on the road, an even smaller percentage of them are 
privately owned.  There were 18 million registered motor vehicles on the road in China in 2001, 
and only five million were estimated to belong to private citizens (Chinese Academy of 
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Engineering 2003).  That number has increased to nearly 29 million by the end of 2007, and is 
expected to grow exponentially over the next few years (National Bureau of Statistics 2007).  
Currently, that equates to approximately 22 motor vehicles per 1000 people in China compared 
to 806 motor vehicles per 1000 people in the United States (FHWA 2007).  Although these 
numbers may indicate that the economy continues to flourish, this increase in vehicle traffic is 
having a negative effect on the flow of traffic and the safety of all road users.   
The increase in motor vehicle traffic in dense urban cities has caused a rise in the number 
of conflicts between large vehicles (buses and cars) and small vehicles (bicycles, electric bikes, 
and motorcycles).  Most of these conflicts occur at intersections, and in particular with right-
turning large vehicles and smaller through moving vehicles.  The number of traffic accidents has 
grown sharply over the past 15 years, and the total number of deaths caused by auto accidents 
rose above 100,000 a year from 2000 to 2004; although recently, the numbers have begun to 
decline slightly to around 95,000 per year (Zhao 2007).  That is substantially more than the 
average number of motor vehicle related deaths (40,000) in the United States, although the U.S. 
has more than 5 times as many vehicles on the road.  According to the World Health 
Organization, a 2004 study found that China accounts for approximately 20 percent of the total 
auto accident related deaths worldwide.  It is estimated that about one out of three fatalities are 
riders of bicycles and electric bikes (Zhao 2007).   
Typically, an intersection with four approaches has a total of 32 conflict points when only 
motor vehicle lanes are present.  Those conflict points include merging, diverging, and crossing 
conflicts and do not include pedestrians.  Crashes associated with merging and diverging 
conflicts are usually rear-end or sideswipe collisions, and crashes associated with crossing 
conflicts are usually t-bone collisions.  Figure 1-01 depicts the number of conflict points at this 
type of intersection.  However, when separate bike lanes are present, that number rises to 120 if 
all movements are permitted.  If left turns are prohibited or restricted to city buses, which is the 
case at many intersections in China, the number of conflicts points can be as low as 40.  Figure 
1-02 depicts the conflict points when all movements are permitted, and figure 1-03 shows the 
number of conflict points when motor vehicles are not permitted to make left turns.  At those 
restricted intersections, bikes are permitted to make left turns, but must first proceed straight 
through the intersection and stop near the opposite side of the intersection.  From that point, they 
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can complete their left turn once the cross traffic has the right-of-way.  This movement by 
bicycles reduces conflicts because it forces the left turning bikes to become through bikes that 





Figure 1-01. Conflict Points for Motor Vehicle Traffic at Four-Leg Intersection 
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Figure 1-03. Conflict Points for Motor Vehicle and Bikes when Left Turns are Prohibited 
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  Placement of new signals, coordination of existing signals, and various geometric 
configurations can help to improve the safety within many intersections as well as the 
approaches to those intersections.  These improvements could also have benefits that could help 
reduce congestion and increase safety in larger roadway networks.  However, given the 
variability of conditions at intersections such as traffic flow or space constraints each intersection 
must be examined in greater detail.  Data for the study were collected in the city of Kunming, the 
capital of Yunnan Province in the southern region of China, approximately 250 kilometers north 
of Vietnam border.  Kunming, a municipal region of more than 6 million people with 3.2 million 
in its urban area, is similar to other Chinese cities that are surrounded by a vast rural population, 
but is fast becoming economic and manufacturing center.  The makeup and changing landscape 
of the city provides the opportunity to put in place changes that may be more difficult to 
implement in other established areas.   
The purpose of this study is to examine the effectiveness of the operational and 
geometrical changes that are aimed at reducing the number of conflict occurrences among the 
various modes.  While all proposed alternatives will reduce conflicts, effectiveness will be 
determined by examining the proposed changes‟ impact on vehicle (cars and bikes) delay, 
average speed, travel times and average queue lengths to the existing conditions and to what 
extent the changes reduce conflict.  Conflict reductions will be discussed in a qualitative manner 
relative to the time bikes are exposed to vehicle traffic.  Three intersections were analyzed for 
this study and they were chosen for their unique characteristics.  VISSIM microsimulation 
software was used to model current roadway conditions at the intersections as well as the 
alternatives.  VISSIM is among the leading simulation packages for traffic flow modeling of 
multi-modal transportation networks.  VISSIM is a microscopic, time-step, and agent-based 
simulation model that works well for many types of traffic replication from public transit to 
urban roads to freeways.  Additionally, other aspects that were explored that may help to 
increase the safety along Chinese roadways and particularly at intersections include police 
enforcement and driver education. 
The number of vehicle and pedestrian accidents and fatalities in China needs to be 
reduced to a level that is commensurate with the number of vehicles that are on the road and 
vehicle miles traveled.  Measures can be taken that help reduce the crash exposure of bicycles 
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and pedestrian as well as reduce or maintain the amount of delay that is experienced by all users.  
There are very few studies that explore ways to reduce conflicts of bicycles and electric bikes 
and automobiles in Chinese cities.  This study was conducted as a way to provide other engineers 
and researchers with information that could not only lead to further research, but perhaps 
changes to roadway design policies as they relate to bicycle traffic not only in China but in the 
rest of the world.  Possible solutions that will be presented in this thesis include delayed green 
times for right-turning motor vehicles, signal phases for bicycles only, the addition of exclusive 
right-turn lanes for motor vehicles at intersections without one, and a separate signal upstream 
from the intersection that will alternative right-of-way between right-turning motor vehicles and 
bike traffic.   
  8 
Chapter 2 Literature Review 
  
In 2006, the Vice Minister of Construction announced that the Chinese government 
planned to better maintain existing bike lanes, as well as restore bike lanes that were removed in 
the past (China Cities 2006).  Although past measures to severely reduce the use of bicycles 
would contradict this new mandate, the government came to realize the many benefits that bikes 
have in a densely populated society.  Emission issues have deteriorated the quality of life in 
many highly populated cities and rising energy cost have put a strain on citizens as well as the 
government.  This new outlook on the important role that bikes play in their society only 
emphasizes the need for road planning strategies that better accommodate all forms of 
transportation.  According to China‟s eleventh 5-year plan that outlines spending for various 
programs throughout China, the Chinese government expects to spend 5 trillion yuan ($730 
billion U.S. dollars) on infrastructure improvements by 2010 with even more projected in the 
future (Dingding 2008).  Inevitably, the amount of money allotted to transportation projects will 
be a large sum, which allows engineers the opportunity to better design for mixed traffic streams. 
 Most of the conflict that occurs in mixed traffic flow occurs at intersections.  There have 
been few published studies that specifically look at mitigating the conflicts that occur at 
intersections between bicycles and automobiles in China.  Given the limited amount of published 
research that has been completed on reducing bike conflict as it relates to Chinese conditions, 
there is little consensus on what measures may or may not work; this research hopes to add to the 
published literature on the subject. 
  
Increase in Crash Rates  
 
In order to depict the urgency for more attention to be given to bicycle safety, Zhao 
(2007), compiled data and conducted a study on accidents in China due to rapid motorization.  
He found possible causes for the large number or traffic accidents and recommended changes 
that the government should implement to reduce those outcomes.  The macro-level data collected 
by Zhao were obtained from the Traffic Administration Bureau under the Ministry of Public 
Security, which analyzes and summarizes the data collected from the various provinces and cities 
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throughout the country.  The following are some statistics that Zhao found during the 
commission of his study: 
 Since 1986, the annual investment for highway infrastructure development has increased 
from 400 million U.S. dollars to nearly 80 billion in 2005, which is 3% of China‟s gross 
domestic product. 
 Total passenger-kilometers traveled by mode experienced an increase of vehicle highway 
kilometers traveled to more than 53% of the total passenger-kilometers traveled in 2005, 
up from 32% in 1980.  Civil aviation also experienced an increase to nearly 12% of total 
kilometers traveled, while both railway and waterway travel declined. 
 The average number of accidents each year has ascended to over 630,000 in 2005.  
 The average annual number of deaths from the year 2000 to 2005 was over 103,000, with 
2005 showing a slight decrease at nearly 99,000. 
Each crash had its own set of circumstances that lead the event to occur.  Zhao was able 
categorize these circumstances into five main areas that could have contributed to the large 
number of accidents.  The first were institutional issues that illustrate a lack of coordination 
between major government agencies that manage roadway and traffic safety.  Those agencies 
included the Ministry of Public Security, the Ministry of Communications, which oversees the 
planning, construction, and operation of intercity highways, and the Ministry of Construction, 
which is in charge of urban facilities.  Cultural issues are the second area of concern.  Most 
drivers on the road today are those that have migrated from riding bicycles, which have a 
separate set of rules.  Former cyclist are accustomed to breaking the queue or ignoring traffic 
control devices altogether.  Other common problems in Chinese society include jaywalking, 
speeding, and a reluctance to wear seatbelts.  Poor roadway infrastructure is another issue that is 
a direct result of the government focusing on building more new roads quickly and not taking the 
time to ensure the roads are designed and constructed properly and safely.  Lack of proper 
maintenance also coincides with this issue.  The fourth issue is the abundance of overloaded and 
oversized trucks and other unsafe vehicles.  Many truck operators, in an effort to compete and be 
as efficient as possible, not only contribute to the deterioration of roads but cause crashes with 
improperly secured loads.  The final issue that Zhao feels contributes to accidents is the absences 
of knowledgeable professionals with the ability to analyze traffic and develop safety measures 
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that are appropriate for the given situation.  Very few agencies keep accurate records of traffic 
incidents and the problem is especially great in rural areas.  In addition to analyzing information, 
there should be a more coordinated effort to train police officers and other individuals to collect 
information and make sure that it is consistent with insurance and hospital reports. 
Zhao‟s research resulted in what he believes are measures, that if followed, will 
contribute to the improvement of road safety in China.  His paper suggest that there should be a 
formation of a national safety administration, similar to the National Highway and 
Transportation Safety Administration (NHTSA) in the United States, that is in charge of the 
creation of safety strategies and oversees the cooperation of all agencies on both the national,  
provincial, and local levels.  His other recommendations include educating the public of rules of 
the road and roadway safety through many different channels, increase funding specifically 
geared at roadway safety features such as signs and speed bumps, and finally to improve the 
traffic crash database so that studies can be completed more accurately. 
The statistics provided by Zhao outline a growing problem in China; however, they 
mainly focus on the vehicular aspect as it relates to automobiles and not to bicycles.  
Publications outlining the importance of bikes to the lives of many Chinese citizens as well as 
the dangers they face when they encounter passenger vehicles have been compiled in a study 
completed by Wang et al. (2000).  Highlighted in their review of papers on the subject are the 
following: 
 70% of all crashes in China are bicycle related, however, it is estimated that only about 
5% are actually caused by bicyclist. 
 China‟s percentage of bicycle use compared to the total population is very high when 
contrasted with developed countries and other developing countries 
 The majority of deaths in bicycle crashes are in bicycle-vehicle collisions which amount 
to 82% of total bicycle related collisions. 
 However, injuries in bicycle crashes were mostly a result of bicycle-bicycle and bicycle-
pedestrian collisions. 
Measures that are aimed particularly at reducing bicycle crashes according to Wang et al. 
(2000) are as follows: 
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 Separate pathways, especially by raised median, for bikes and automobiles should be 
provided in order to reduce the likelihood of collisions. 
 Require cyclists to wear helmets in an effort to reduce cranial injuries and avert death. 
 Add safety features to the bicycle such as padded handles bars and lights. 
 Restrict the number of people allowed on a bike, especially small children. 
 Allow local authorities to control the number of bikes on the road at certain times to help 
reduce congestion 
Although the mixed traffic and congestion that exist due to the dense population of many 
cities, many of the problems are created because of novice drivers‟ impatience, lack of 
knowledge of the rules, or the complete disregard of the rules (Li and Chen 2005).  Their paper 
questions the official government reports of deaths involving automobiles that averaged about 
100,000 per year and calls for a comprehensive road safety management system to reduce the 
number of crashes.  They found that according to a World Health Organization (WHO) study 
that the number was closer to 250,000.  The WHO based their claims on the fact that many 
automobile deaths go unreported and Chinese officials don‟t include deaths that occur more than 
seven days after the initial crash; the standard for most other countries is 30 days.  China also has 
a high death ratio, the number for deaths divided by the total number of deaths plus the number 
of injuries, when compared to other countries.  In China the ratio was 17% in 2005 compared to 
.6% in Japan and 1.5% in the United States.  The fact that most victims are not occupants of the 
vehicles (60% are pedestrians, motorcyclist, and bicyclist) reveals the need for action to be taken 
to shield vulnerable road users from motor vehicles.  
As noted earlier, coordination and cooperation between various government agencies 
remains a problem.  The following list shows what Li and Chen discovered about how the 
current structure for safety management is deficient.  
 The road safety structure has experienced some institutional changes as the responsibility 
of road safety was initially under the Ministry of Communication but later transferred to 
the Ministry of Public Security (MPS).  Those two agencies overlapped on many of their 
responsibilities, but rarely shared information.  Other agencies such the Ministry of 
Agriculture and the Ministry of Construction, and State Administration of Work Safety 
are secondary to the MPS. 
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 The MPS focuses its road safety efforts on drivers and pedestrians and not on the road.  
Fines are the main form of traffic enforcement on many local levels, and engineering and 
other measures remain very weak.  For example, instead of forcing overloaded trucks to 
decrease their loads for safety reasons, they are just fined and released with the 
overloaded truck.  Additionally, many drivers are just blamed for most crashes and the 
causes for their errors are rarely investigated. 
 The lack of funding for safety related programs is another issue.  The large increase in 
automobile traffic has focused the majority of the money toward new construction and 
rapid construction.  Many agencies remain reactive and not proactive when it comes to 
addressing safety hazards. 
The government has taken steps to improve roadway safety.  In 2004, the National Road 
Safety Law (NRSL) was passed which better defines the fundamental rules for drivers, vehicles, 
and pedestrians as well as better outlines the function of each agency.  The National Joint 
Conference of Road Traffic Safety was also established to oversee the enforcement of the NRSL 
which still focuses only on vehicles and drivers.  Li and Chen feel that establishing an effective 
road safety management system is the key to improving roadway and highway safety.  The 
framework for this system includes establishing specific agencies to certain highway safety 
aspects, a coordinated institutional structure, strong and efficient legislation, the standardization 
of data collection techniques, higher emphases on roadway safety as it relates to design of both 
existing and proposed roads, and better enforcement by police to ensure road users comply with 
the rules and regulations. 
 
Bicycles Affect on Signals 
 
According to one study (Shi et al. 1995), the main impact that bikes have on automobile 
traffic can be broken down into two major problems.  The first is that bicycles must compete 
with motor vehicles to occupy lane space in areas with constricted lane widths or where no bike 
lanes are present, and the second occurs within at-grade intersections, where routes conflict with 
one another causing conflict between movements that inherently slow all traffic therefore 
reducing capacity.  Their paper states that selecting the design hour traffic flow is the first step.  
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However, this can be made difficult due to the fact that bicycles and motor vehicles may have 
separate peak hours.  Since bikes are much slower than motor vehicles, bicyclist may have to 
begin their trip much earlier than motor vehicles depending on the distance to their destination.  
Conversely, the evening trips may begin around the same time, but the quicker pace of the motor 
vehicles allows the leading vehicles to avoid the peak bicycle flows.  As roadways become more 
congested and peak hours become longer, the effect of separate peak flows is diminished.  The 
second step is to analyze the traffic flows to determine the correct number of phases.  Most 
Chinese intersections have only two phases, and as a result vehicles that wish to make turning 
movements that are not protected by an exclusive green could also inhibit traffic flow and 
capacity.  Finally, the third is to determine the saturation flow rate (number of vehicles that can 
pass through an intersection if the light was continually green for one hour on a particular 
approach under free flow conditions) at each approach and convert the bicycles into passenger 
car units.  The paper suggested two different methods for measuring saturation flow of bicycles, 
one developed by the Transport and Research Laboratory (TRL) in the United Kingdom.  The 
TRL method of equating bicycles with passenger cars provides a factor of .3 bicycles to every 
passenger car, giving bicycles less priority since they have shorter queues due to them grouping 
when stopped.  They determined this method should be applied to roadways with light bicycle 
traffic and a shared roadway.  For roads with separated and heavy bicycle traffic, the effect on 
through moving bicycles is examined using equations that take into account left-turning and 
right-turning volumes, and headways.  However, this study did not evaluate the turning conflicts 
between motor vehicles and bikes. 
Even though Shi et al. (1995) didn‟t actually apply their study in practice, they do suggest 
measures that could be taken in addition to stating the need for more studies using simulation 
methods.  They recommended that although most signals are on a fixed time, they can be 
adjusted to operate at different cycle lengths to coincide with the separate peak hour traffic that 
bikes and automobiles have.  Additionally, they suggest staggered green times, giving bikes 
additional green time before the onset of green for the motor vehicles, and ending the green for 
the bikes before the motor vehicles.  The study that Shi et al. (1995) conducted only laid a 
ground-work for possible solutions as it attempted to examine and understand the problem.  They 
admit that more study in this area should be conducted. 
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A separate study conducted by Chen et al. (2007) also examines the effects that bicycles 
have on signalized intersection capacity.  Their study examines the impact of bikes for the 
through, right, and left movements of automobiles, and they compare their model capacity with 
that of the Highway Capacity Manual (HCM).  In addition they pointed out bicycle behavior that 
is common place throughout China which also greatly affects capacity and they include: 
 Bicycles typically enter the intersection before motorized vehicles, which is likely to 
cause conflicts with both left-turning and right-turning automobiles 
 Although motor vehicles usually take the right-of-way at intersections, drivers 
instinctively slow down when a bike is present  (either stationary or in motion) which 
result in fluctuations in speeds 
 Trapped bicycles also reduce motor vehicle speeds as the cyclist‟s behavior becomes 
more unpredictable as they may be more likely to try and complete their travel through 
the intersection 
In addition to arrival distribution, the above parameters were taken into account in the 
development of their model.  The additional time in which a vehicle remained in a conflict zone 
waiting on bicycles trapped or proceeding through the intersection in and the saturation flow 
rates were used to establish the capacity of an intersection due to bicycles.  Comparing their 
model to the HCM, they found that the HCM predicted higher capacities for left-turning and 
through movements than their model.  However, for right-turning vehicles the HCM was fairly 
accurate at low bicycle volumes, but the model predicted higher capacities during times with 
elevated bicycle volumes.  It should be noted that the HCM does not provide provisions for the 
presence of bicycles when determining the capacity for either the through vehicular traffic or the 
left-turning traffic. 
 
Bicycle Behavior in Diverse Traffic Streams 
 
 Ye et al. (2007) attempted to determine the cyclist characteristics and their effect on 
urban mixed traffic streams, particularly right-turning vehicles and through bicycles.  Parameters 
such as average speeds and the grouping behavior of cyclist at intersections were examined.  
Their paper points out that there have been many past studies conducted on mixed traffic, 
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however, they chose to not only focus on traffic in general but on the specific conflicts at 
intersections.  The authors wanted to focus on conflicts, which they describe as changes in 
direction and/or speed that other drivers must take to try to avoid collisions.  They chose a very 
heavily traveled roadway in Beijing, where bicycle traffic during peak hours was very large in 
comparisons to other roads.  Two video cameras were synchronized and placed along the 
roadway to record traffic.  The speeds of both bikes and motor vehicles were obtained from this 
video using the time it took vehicles to traverse a certain distance in an intersection.  In addition 
to speed, behavior of bicycles was examined as well using a clustering analysis method, which 
helps determine the point when congestion becomes apparent.   
Instead of conflict points, their paper describes conflict zones, which encompasses many 
points of conflict.  The zones are in large part the result of Chinese driving conditions.  For 
example, a right-turning vehicle will encounter many bicycles during the execution of its 
movement creating a large zone of conflict points.  Additionally, since motor vehicles inherently 
take the right-of-way throughout China, they often create multiple turning paths that sometimes 
result in vehicles turning two or three abreast across bike lanes.  They point out that the lack of 
basic research at intersections in China has lead to the failure of many signalized intersections. 
 According to the study conducted by Ye et al., the bicyclist can be separated into six 
groups based on their behavior characteristics, mainly speed.  Group one was described as a 
hesitant group that mainly kept low speeds (less than 3 meters per second) while group two‟s 
speeds were slightly higher but still below the mean.  Group three, the largest group of the 100 
bicycles analyzed accounted for 64%, showed what was termed as normal behavior, but they also 
exhibited a change in speed that was directly related to the increase or decrease in the traffic 
volumes more so than any other group.  Groups four, five and six were described as brave, 
impulsive and reckless respectively.  Each group was assigned a danger coefficient that, when 
applied to the model, affects how they react to conflicting vehicles.  Their study divided the 
conflicts into two occurrences; 1) when the signal is green, all the bicycles are free flowing, and 
arriving randomly, and 2) when the signal is red, the bicycles begin to queue behind the line 
waiting for the onset of green.  Emphasis was placed on the second condition for the 
development of their model, which uses the infectious disease dynamic model (SIR) as its basis.  
The SIR model examines the spreading of an epidemic in a large diverse population and breaks 
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individuals into three groups, those that are susceptible (S), infected (I), and recovered (R).  The 
six characteristics of the bicyclist‟s behavior can be applied to this method to determine the 
behavior of individuals as they enter the intersection and attempt to cross.  When the traffic light 
turns green, the bicycles begin to enter into the conflict areas at a rate that is consistent with their 
characteristic.  However, after entering the conflict core, the presences of right-turning vehicles 
affects their behavior, and clustering of bicycles near the conflict areas results.  The 
approximation of their model produced results that exhibit behavior that was viewed at actual 
intersections.  Crossing times can then be estimated based on the ratio of behavior types to one 
another, the total number of cyclist, average number of stopped bicycles, and rate at which 
vehicles turn tight. 
 
Characteristics of Electric Bikes 
 
 There is currently a dearth of studies that look at the impact of electric bikes on traffic 
mainly because the use of electric bikes in China is a fairly new phenomenon.  Gasoline powered 
scooters were popular at one point, however, many larger cities ceased issuing permits for 
citizens and the electric bikes are beginning to take their place.  According to a study completed 
by Weinert et al. (2007), over 10 million electric bikes were sold in China in 2005 alone bringing 
to total number to around 22 million in that year.  The cumulative number is estimated to exceed 
50 million currently (Jamerson and Benjamin 2007).  That number continues to increase as the 
advantages of electric bikes over motor vehicles and even manual bicycle are realized.  Electric 
bikes are just as flexible as bicycles when it comes to being able to weave through traffic and fit 
into tighter spaces that automobiles cannot, they can obtain and maintain higher speeds that most 
cyclist cannot, and they are relatively inexpensive to own and operate.  Many of the electric 
bikes can also be manually propelled in the event the battery dies. 
 Weinert et al.‟s study was centered on a survey of electric bike owners in the mid-sized 
city of Shijiazhauang in China‟s Hebei Province.  The survey was conducted at a bicycle and 
electric bike parking areas adjacent to a main roadway.  Respondents consisted of both electric 
bike and bicycle riders, and according to the answers they found following: 
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 Most cyclist and electric bike rides, both male and female, are between the ages of 24-30; 
with females representing the majority of electric bike riders. 
 Income disparities between electric bike and bicycle owners are very minute. 
 The distance that electric bike riders travel is 32% more than traditional cyclist, however, 
their travel time is also 10% longer. 
 Electric bike riders are also more likely to carry passengers with as many as three people 
on one bike 
 Respondents cite that faster speeds, elimination of time spent waiting on buses, and 
comfortable commutes as their main reasons for choosing electric bikes over public 
transportation and manual bicycles. 
The study also examined the safety aspect of bicycles and electric bikes.  Intersections 
are undoubtedly the most dangerous portion of a cyclist‟s trip, and the survey revealed that 
crossing an intersection is the most annoying aspect for all cyclists.  Interaction with pedestrians 
and other bicycles were ranked second and third respectively.  In particular, women who rode 
electric bikes felt safer when crossing intersections than women on bicycles.  This could explain 
why women make up the majority of electric bike riders.  Another issue that concerns riders is 
the fact that electric bikes and bicycles must share the same lanes.  Many bicyclist expressed 
concern over the fact that electric bikes can travel at much higher speeds.  In contrast many 
electric bike riders expressed annoyance with having to travel at lower speeds because of slower 
bicycles.  Suggestions from this study to help reduce risk to all modes of transport are outlined 
below: 
 Better enforcement of traffic violations which would reduce traffic conflicts 
 Introduce a licensing system for electric bikes that would aid in traffic enforcement 
 Enforce existing speed limitations for electric bike manufacturers 
 
Analysis of Motorcycle Traffic and Accidents 
  
 Along with the confusion at intersections between automobiles, electric bikes, and 
bicycles, motorcycles also present a safety hazard as well.  Vehicles are mostly affected by their 
presence because motorcycle must share the same lanes, but because of their small size, they 
  18 
frequently weave through traffic.  A study by Li, Qiu, et al. (2008) analyzed the statistics of 
motorcycle accidents as well as the reasons motorcycle accidents occur.  The data for the study 
were collected from 2000 to 2005 from the Traffic Management Bureau, which is published by 
the Ministry of Public Security of China.  The following are some of the results of the data: 
 The number of motorcycle accidents reached a peak of 122,000 in 2002. 
 Although the accident rate began to decrease slightly after 2002, the number of deaths 
has steadily increased from nearly 17,200 in 2000 to approximately 26,200 in 2005. 
 The number of fatalities per 1,000 motorcycles on the road has remained considerably 
lower than the number of fatalities per 1,000 automobiles.  In 2005, the there were 3.47 
motorcycle crashes and 16.75 automobile crashes.  In contrast, in 2000 there were 5.51 
motorcycle crashes compared to 47.65 automobile crashes. 
 The mortality rate for motorcycles accidents was significantly higher than that of 
automobiles initially 21 percent of 100 motorcycle crashes result in fatalities as opposed 
to 14 percent for every 100 automobile crashes in 2000.  However, more recently 
passenger cars have closed the gap at 21 percent for automobiles and 24 percent for 
motorcycles in 2005.  
 The ratio of deaths to injuries was lower than those of automobiles as well. 
They recommend that the government take more proactive steps by educating the public 
on rules and safety, providing more effective traffic safety measures, and improving medical 
emergency response and care.  Enforcement of rules is also a key measurement that could reduce 
accidents significantly.  Many of the accidents are attributed to illegal loading, excessive speeds, 
and risky maneuvers that could easily be quailed with higher police presence. 
 Another study by Minh and Sano (2003) focuses on the behavior and operation of 
moderate to heavy motorcycle volumes in automobile traffic at signalized intersections.  This 
study analyzed mixed, traffic in Hanoi, Vietnam and Bangkok, Thailand, cities in which 
motorcycle traffic exhibits many of the same characteristics as those in China.  Although in 
many Southeast Asian countries traffic flows can be nearly homogeneous (motorcycles only), 
this study focuses more on heterogeneous flows.  The data collected and analyzed included 
volumes, delay, signal phasing, and signal cycle length and were obtained mainly using video 
recording cameras.  In cases in Hanoi when automobile traffic was almost non-existent, the 
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saturation flow rate of motorcycles was 20,000 vehicles per hour crossing the stop bar at 
intersections with at least two lanes for the through movement.  In contrast when the number of 
motorcycles was nearly zero the saturation flow rate of automobiles was only 2,300 vehicles per 
hour.  This study found that this difference could be attributed to the fact that motor vehicles 
have longer headways, and the small size of motorcycles allows for lanes to be fully occupied.  
The study also found a correlation between vehicle headway, the number of motorcycles present, 
the vehicle startup lost time, and the number of motorcycles.  Both lost time and headway 
increased as the number of motorcycles increased based on regression analysis.  Their study 
shows that the presence of motorcycles clearly affect traffic flow and that they should be 




 It is estimated that about 60% percent of the nearly 100,000 vehicle-related deaths that 
occur in China are of individuals that are not in the vehicle (Li and Chen 2005).  Perhaps the 
most defenseless users of the roads are pedestrians.  As alternatives to automobile travel are 
being considered more in road design, several studies have been conducted that help to highlight 
the problem with the pedestrian infrastructure in China as well as conflicts with other forms of 
traffic at intersections. 
 Chen, Shao, and Hao (2008) completed a study of right-turning vehicle conflicts at 
signalized intersections.  This study was conducted to establish a model for right-turning 
capacity when pedestrian behavior, pedestrian arrivals, and pedestrian-vehicle conflict 
mechanisms.  The analysis of the conflict zones resulted in the following formula to calculate 









Where Cap is the capacity, Nv is the platoon size in number of vehicles, Sv is the right-turn 
saturation flow rate, Tfree is the total time span in which no pedestrians are waiting at the conflict 
zone during the effective green of the right-turns, and Csignal is the signal cycle length.  This 
equation evaluates phases in which vehicles would encounter a pedestrian.  For example, on a 
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four-leg intersection, north bound vehicles turning right would only encounter pedestrians when 
the light is green for through vehicles on their approach or is green for through vehicles on the 
conflicting approach (right-turn on red.)  The capacity for the other phases was added to the 
capacities determined by the model to obtain the movement capacity.  The results from the 
model indicate that the initial impact by the presence of pedestrians is great; however, as the 
number of pedestrians continues to increase, their impact becomes less and less significant than 
the initial increase.  This is due, in part, to the observations that as the pedestrian volumes 
increase, most individuals will cross near the beginning of the allotted walk time. 
VISSIM was used simulate the conflicts between motor vehicles and pedestrians to help 
validate the model.  Video data were recorded at two intersections in Beijing.  Two simulation 
models were used for these pedestrian crossings; one in which pedestrians always take the right-
of-way in crosswalks and one in which they shared right-of-way with the motor vehicles.  It is 
evident from observing traffic in China that motor vehicles typically force the right-of-way 
instead of yielding or sharing it.  The simulation with no pedestrian priority revealed similar 
results to that of the model, and slightly lower capacities than the HCM method. However, the 
pedestrian priority model only resembles the other models for very heavy pedestrian volumes. 
 
Modeling Traffic Control and Mixed Traffic 
 
Mixed traffic flow conditions in China were modeled and studied in a paper by Yang et 
al. (2004).  The authors used VISSIM to evaluate the effect of traffic control systems on the 
mixed flows and to validate the traffic control model and optimization algorithm, and help to 
form regional traffic control strategies.  They state that since the properties of the traffic flows in 
China differ greatly from those of many other foreign countries, traffic control theories and 
models should not mirror those countries.  High proportions of bicycles in the traffic flow and 
the tendency for pedestrians to cross the street at arbitrary times and locations are main reasons 
for the different simulation parameters.  Of the many problems related to mixed traffic streams, 
their paper highlights the disorganized behavior that bicycles exhibit while in an intersection.  
Bicycles‟ frequently enter into the travel lanes of automobiles, which leads to vehicle dispersion 
  21 
and slower speeds.  They suggest that to help reduce this occurrence, that forming separate motor 
vehicle and bicycle phases for their separate peak flow time periods is essential. 
The authors also feel that regional traffic control strategies utilizing the most advanced 
technology available will allow for complex urban networks to communicate with on another 
and will also allow them to be managed.  Acute changes in traffic flow, such as the differences in 
the peak flows of motor vehicles and bicycles, can be continuously monitored and real-time 
action taken to help reduce congestion and delay to ensure that the network flows as smooth as 
possible.  Each system of traffic monitoring must consist of a hierarchy of data collection in 
which individual units collect and report information to a central unit that will analyze conditions 
and implement a plan to help to achieve local or global optimization depending on the need.  
Their model was aimed at analyzing and reducing delay, as they felt delay has the greatest 
negative impact on urban traffic.  The synthetic performance index function for optimization that 

















 are the delay, stops, queue length, and capacity of the i
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intersection; ξ is the optimization parameter; D is the average delay; S is the average stops; Q is 
the queue length; and C is the capacity.  The strategy for optimization will be formed based on 
minimizing delay, stops, and queue lengths and maximizing capacity. 
Simulation was completed for an area in the city of Changchun, in northeastern China.  
Six intersections that are adjacent to one another were selected, with two arterials crossing the 
same three minor roads.  Data for the simulation were collected during the morning peak period 
between 6:30 a.m. and 8:00 a.m.  The performance index function method is compared to the 
existing conditions of allowing the network to function as normal in VISSIM.  The results show 
that traffic flow changes are not as evident in light flows, but as traffic becomes denser, the 
application of the function proves effective.  The function reduces delay by as much as seven 
seconds per vehicle during peak flows.  Further research into larger networks and better 
techniques and technologies to obtain information is suggested by the authors. 
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Planning for Bicycle Traffic in Europe 
 
Cycling policy and cycle use varies from country to county throughout the world, and can 
even vary within countries.  Hugh McClintock (2002) cites the advantages that cycling can 
present for both the public and individuals and they include reduced congestion, reduced 
necessity for parking spaces and parking lot maintenance, environmental benefits from reduced 
vehicle emissions, and individual health benefits.  His book explores strategies undertaken 
around the world to better integrate bicycle traffic with motor vehicles.  In the United Kingdom 
(UK), the reallocation of roadway space has been examined to ensure that motor vehicles that 
must share though lanes with bicycles have adequate room to pass.  A minimum four meter wide 
lane is preferred on bike routes.  Additionally, the large presence of roundabouts also has 
presented its own unique problems.  Many accidents at roundabouts are between bicycles that are 
already in the circle and motor vehicles that are entering and fail to yield.  That problem is very 
prevalent in roundabouts with a small radius because vehicles have a tendency to take a more 
direct path and not slow their speeds appreciably.  Local transportation officials have been able 
to address this problem with the use of traffic calming devices such as speed humps and tighter 
geometry for roundabouts to help reduce speeds.  Shared paths between bikes and pedestrians in 
an urban setting has also proven to be an unfavorable option as it often increases the risk to older 
pedestrians and the disabled.  In Germany, 11% of all trips are made by bicycle; however, there 
are cities in which the percentage reaches 35%.  Although the presence of bicycles cannot go 
unnoticed by drivers in China, Germany has had success with lowering the cycling death rate by 
30% since 1980 through the implementation of roadway facilities that are designed especially for 
bicycles.  Additionally, the abundance of signs and roadway markings informing cyclist of rules 
and a separate set of signs and markings for motor vehicle drivers, something that is lacking on 
many Chinese roadways, helped to reinforce the regulations that both groups should follow.  
Danish engineers have taken immense steps to reducing conflicts in the city of Odense.  A few 
streets were transformed into cycle and public transportation only streets and some converted to 
bicycles only.  Although this greatly inconvenienced motorist initially, the city realized an 
increase in the number of cyclist and a decrease in the amount of crashes involving bicycles and 
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motor vehicles.  Denmark is also trying to increase the use of bicycles throughout the country, 
and have put an emphasis better quality bikes and safety precautions such as helmets. 
 
Planning for Cyclist in the United States 
  
The American Association of State Highway and Transportation Officials (AASHTO) 
published a book in which they outline strategies for the improvement of bicycle infrastructure 
(AASHTO 1999).  The use of bicycles for travel, excluding recreation has been on the increase 
in the U.S. and has forced transportation officials from around the country to develop more 
standardized policies and design guidelines.  A section in the book illustrates some suggested 
layouts for bike lanes at intersections specifically, with right-turning vehicles.  Figure 2-01 on 
the depicts the common bicycle movements and their conflicting vehicle movements.  
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Most vehicle codes in the U.S. make a point of noting that bicycles are vehicles too and 
must be treated as such even if they have separate lanes.  Many of those codes allow bikes to use 
all lanes on the road at intersections.  The diagrams on the following pages, figure 2-02 to 2-05 
show various layouts at intersections.  Figure 2-02 depicts how right-turning vehicles must cross 
the bike lanes upstream from the intersection and within the broken white lines. A sign is placed 
at that point to notify drivers and cyclist of the conflict point.  Figure 2-03 depicts a situation 
where bikes must use vehicle lanes to make movements because the bike lane ends short of the 
intersection.  Lastly, figure 2-04 and figure 2-05 show a one-way street with a dedicated right-
turn vehicle lane that is formed from a parking lane and a left striped left-turn bike lane and a 






































































Figure 2-05. Designated Bicycle Lanes at Interchange Exit Ramp 
Source: FHWA 
 
Although some of the recommendations and conclusions from many of these studies and 
books may seem obvious from a theoretical point of view, only a small number of researchers 
actually modeled the intersections to obtain a more accurate portrayal of how those changes may 
affect the traffic at an intersection.  No single measure will be the solution for congestion and 
safety problems mainly because conditions can vary extremely from intersection to intersection.  
One solution that works well at a particular intersection may cause worse problems to occur at 
another.  
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Chapter 3 Study Methodology 
 
This study focuses on reducing the conflict between bicycles and electric bikes and motor 
vehicles by implementing changes in the geometric layout or priority given to various 
movements at signalized intersections.  As stated in the literature review, the number of 
accidents and fatalities involving bikes and vehicles is a cause for concern, and can be reduced if 
more resources are invested in making better informed design and policy decisions.   
The purpose of microsimulation is to create a scenario that has parameters that can be 
adjusted for individual situations and characteristics.  The existing traffic data were used to 
create simulation files in order to compare with proposed changes.  The same driver behavior 
and volumes is used in the proposed files as this study only examines the interactions between 
the mode movements and not future projections of traffic demand increases.  Several lane 
configurations, which could be reasonably implemented given the constraints of an urban 
environment, as well as signal phase changes are examined to determine their validity in 
reducing conflict while at the same time not increasing the delay at intersections.  The necessary 
data needed to create simulation files in order to reach the goals for this study are as follows: 
 Traffic volumes for all modes, including bicycles, electric bikes, cars, large trucks, buses, 
motorcycles, and pedestrians as well.  It should be noted that bicycles and electric bikes 
traveling the wrong way on any approach were not counted. 
 Vehicle volume composition including percentages of bicycles to electric bikes, and 
passenger cars to heavy trucks, buses, and motorcycles  
 Geometric layout of the intersections including lane widths, lengths, crosswalk locations, 
and curve radii 
 Signal phasing and timing 
 Vehicle speeds for automobiles, electric bikes and bicycles 
 Observing driver characteristics and driving styles of Chinese drivers on a macroscopic 
level 
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Although this study does not specifically examine the impact of pedestrians, their 
inclusion in the simulation was important as they are present at every major urban at-grade 
intersection in China, and their exclusion would possibly yield unrealistic results.   
 
Advantages and Disadvantages of Microsimulation 
 
 Simulation will be conducted with VISSIM, which was developed by PTV.  VISSIM is 
one of the leading software packages that specializes in multimodal transportation modeling on a 
microscopic level.  Simulation offers a visual aid in re-creating and representing various traffic 
and roadway configurations, from illustrating varying degrees of complicated signalized 
networks, to simple stop controlled intersections, to large freeways.  Unlike computational and 
analytical models that often require conjecture and restrictions, simulations can greatly reduce 
those restrictions and introduce random variables as well (Institute of Transportation Engineers 
California 2004).  Parameters such as driver behavior, vehicle geometrics, priority control, and 
route designations give designers the flexibility needed to create models that aid in the solving 
many traffic issues such as geometric designs, traffic control, and a variety of traffic 
management measures.  The most beneficial aspect of simulation is the ability to model various 
scenarios to find the best solution to a problem without disrupting existing traffic flow or 
spending money on measures that may reveal themselves to be futile.  Simulation software tracks 
every vehicle‟s individual movement, and provides detailed analysis options such as vehicle 
delay, travel time, and average speed.  Traffic simulation has proven to be valuable to not only 
engineers, but to planners, policy makers, and to the public in general who may benefit from its 
visualization capability.  
In contrast, production of a valid simulation model can be very time consuming; from 
data collection, to re-creation of the traffic conditions, to analysis time period.  The amount of 
time taken to create accurate models could also lead to high costs.  Simulation models are only as 
good as the data that are entered into them, which could lead to misinterpretation or manipulation 
of the data.  VISSIM was chosen for this project for many of its advantages listed above; 
however, it should be noted that the program works better for modeling traffic streams in North 
America and Europe.  Chinese drivers exhibit a less disciplined driving behavior because the 
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driving population in China is relatively inexperienced compared to western societies (Chinese 
Academy 2003).  The software has limitations when modeling more chaotic situations such as 
those in China, where many pedestrians, bikes, and vehicles may routinely ignore traffic rules, 
signals, signs, and other traffic control devices.  For example, the observation of road user 
behavior in China revealed that pedestrians cross at many points in or near the intersections other 
than in crosswalks, and instead of stopping, many vehicles will stray from their normal path to 
traverse the intersection to avoid congestion from cross traffic or to avoid conflicts from other 
road users.  This spontaneous behavior cannot be modeled effectively in VISSIM because all 
road users must have a defined path and cannot deviate.   
 
Detailed Plan for Data Collection 
 
A thorough plan for data collection in the city of Kunming was created for this study, 
with an objective to provide recommendations for improvements at typical intersections in 
China.  Figure 3-01 on the following page depicts the location of the city relative to other major 
cities in China.   
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Figure 3-01. Location Map of the City of Kunming 
Source: travelchinaguide.com 
 
Kunming‟s metropolitan area currently has population of approximately 3 million people, 
making it one of the most populous cities in the country (National Bureau of Statistics 2006).  
The city‟s rapidly changing landscape, due in large part to a significant increase in population 
over past few years makes it a great model for similar sized cities and smaller ones as well.  The 
details for the data collection plan are outlined below: 
 Data were collected during morning and evening peak hours, determined with the help 
from students and professors at the Kunming University of Science and Technology.  The 
times that were decided upon were from 8:00 to 9:00 a.m. and from 5:00 to 6:00 p.m. 
 The specific intersections recorded were determined based on accessibility of nearby 
multi-story buildings and the geometric layout of the individual intersections.  Each 
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intersection had characteristics that separate them from other intersections.  Those unique 
characteristics included geometric, signalized, and traffic management differences. 
 The data collection was conducted only on weekdays during sunny and dry weather 
conditions to ensure that the weather had little to no influence on people‟s driving 
behavior as well as their mode of transportation 
 
Execution of the Data Collection Plan 
  
 Data collection occurred on various dates during the entire month of July, 2008.  The 
recorded information was used to define the existing conditions for simulation in VISSIM.  
Digital video recorders were used to collect traffic and pedestrian volumes, and were positioned 
on tripods on mid-rise buildings to obtain a birds-eye-view of the intersections.  Figure 3-02 
shows the location of each intersection in the city.  The cameras were also used in capturing 
startup delay and signal phasing and timing. 
The approach spot speeds of automobiles, electric bikes, and bicycles were not obtained 
with the use of a video camera mainly because the view from the cameras focused mainly on the 
intersection.  Drivers and cyclist within the intersections are typically slowed due to the presence 
of other motor vehicles and bicycles and that speed does not equate to the speed at which they 
approach an intersection.  Their speed was obtained using a stopwatch to record the time it 
would take them to traverse a specified distance, usually a crosswalk or the width of an adjacent 
driveway located within 200 meters of the intersection.  Additionally, AutoCAD as-built files 
were validated and updated with manual measurements and Google Earth images to accurately 


























Figure 3-02. Location Map of Intersections in the City of Kunming 
Source: travelchinaguide.com 
 
Extracting Data from Video Cameras 
 
 In order to obtain volumes from the digital video files, the video needed to be transferred 
to a computer and then formatted for easier viewing.  Multiple viewings would be necessary to 
extract the appropriate data from all the approaches.  Green, yellow, and red phasing times and 
cycle lengths were obtained from the video recordings with the aid of a stopwatch.  
 The data that were extracted from the video in addition to field measurement were 
entered into VISSIM for simulation.  The existing conditions that were either simulated or 
measured were used to formulate possible solutions to reducing the conflict points of the bicycles 
and automobiles.  Those solutions will also be applied to simulation files that can then be 
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also incorporate queue lengths and travel times, and will determine when certain 
recommendations should be explored further.  
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Chapter 4 Data Collection and Analysis 
 
The location of the intersections that were chosen relied heavily on the ability to access 
the top floors or sections of the buildings that provided great vantage points.  Although initially 
four intersections were chosen to collect data, data were only gathered at three of them due to 
time, weather, and access constraints.  All three intersections were located on the north and 
northeast side of Kunming‟s central business district, and were no more than 2.2 linear 
kilometers away from one another.  Two locations, Beijing Lu at Baiyun Lu, and Qingnian Lu at 
Yuantong Lu, were oriented in a north, south, east, and west direction, while the third, Bailong 
Lu at the 1
st
 Ring Road (Huancheng Lu), had more of a northeast to southwest and southeast to 
northwest traffic flow.  The Beijing Lu-Baiyun Lu intersection was the furthest away from the 
city center at approximately 3.1 kilometers while the Qingnian Lu-Yuantong Lu intersection was 
the closet at just under 1.4 kilometers.  The cameras were also used in capturing startup delay 
and signal phasing and timing.  The weather made collection difficult or impossible on many 
days due to the long periods of heavy rain.  It was evident that rain altered the travel plans of 
many travelers, as many cyclist and pedestrians would choose to ride public transit instead.  The 
following is a list of information on the location of the data collection, as well as which dates it 
occurred: 







.  Recording of the signal phasing and timing took place on those days as 
well.  Cameras were placed on the 18
th
 floor balcony of an adjacent building on the 
eastern corner of the intersection. 







 of July.  Signal data for this intersection were recorded on the 9
th
.  The 
camera for this intersection was placed on the on the 25
th
 floor on the northeast corner of 
the intersection. 
 Video for the Qingnian Lu-Yuantong Lu intersection was only collected for four time 
periods instead of six.  However, those four time periods were recorded over a three day 
period.  On July 10
th
, morning and evening peak periods were recorded.  On July 11
th
 
only the morning peak was recorded, but the evening peak was finally recorded July 14
th
.  
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Signal data were collected on July 10
th
.  Cameras were positioned on the sixth floor of a 
building located on the southwest corner of the intersections.  As a result of the relatively 
low vantage point compared to the other intersections, two cameras were used in order to 
record all approaches.   
 Geometric measurements were taken on July 28th and 29th.  These measurements took 
place during early morning hours at around 5:00 a.m. in order to avoid high traffic 
volumes. 







Bailong Lu @ 1st Ring Road 
Bailong Lu is a major roadway the runs mainly northeast and southwest and is about 4.2 
kilometers in length.  Major destinations and landmarks that line the route include two separate 
campuses for the Kunming University of Science and Technology as well as the Garden of the 
World Horticultural Exposition Center.  The 1
st
 Ring Road as its name suggest forms a 
circumference around the inner core of the city.  As a result of heavy traffic, the 1
st
 ring road is 
access limited along many stretches of its route.  Bailong Lu has four-lanes, two in each 
direction, leading to both the northeast and southwest approaches with no median separating 
opposing directions.  The southwest bound approach has separate bike lanes that are separated by 
a concrete barrier wall; however, on the northeast bound approach, the right travel lanes and the 
bike lanes are shared in both directions.  At the intersection, both directions gain separate left-
turn lanes for vehicles and the northeast approach gain separate bike lanes.  Both directions also 
have a shared through and right-turn lane.   
There are also four lanes on the 1
st
 Ring leading to the intersection in both directions with 
no median separating directions.  Bike lanes are separated from vehicle lanes by fairly wide 
raised medians that have small planted trees.  Two bus stops are located near the intersection, 
both located on the northwest leg of the intersection.  The outbound stop is only about 100 
meters from the intersection, and the inbound station is approximately 180 meters from the 
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intersection.  Within the intersection, a small chain-link fence is located on both approaches, and 
it forms a barrier between opposing traffic.  The northwest bound approach‟s median between 
the vehicle and bike lanes becomes a right-turn lane.  The two through lanes are also joined by a 
separate left-turn lane.  On the opposite approach, the median exist through the intersection 
which requires one of the two through lanes to also be as shared through and right-turn lane.  
This approach also has a separate left-turn lane.  Pedestrians can cross all four approaches of the 
intersection, and they are provided with five meter wide crosswalks.  Bicycles that wish to turn 
left from either of the 1
st
 Ring approaches must do so when the signal for left-turning 
automobiles is illuminated.  The bicycles wait behind the stop bar on their respective approaches 
until the light is green and they proceed to turn left on the right side of the vehicles.  Bicycles 
along Bailong Lu do not have a dedicated phase.  They must either turn left by either first 
proceeding straight and wait for the cross traffic‟s signal to turn green before going through the 
intersection again but perpendicular to their original approach (far L-shaped left-turn), or they 
must first turn left along the adjoining crosswalk perpendicular to their approach and then turn 
right and proceed across the crosswalk that is parallel to their approach before reaching the bike 
lane (near L-shaped left-turn).  Bicyclists are supposed to get off their bikes and walk them along 
the crosswalk, but most of them still ride them across.  Some cyclists along Bailong Lu turned 
left directly from the stop bar to the receiving bike lane, but they were only able to do so during 
brief periods when the intersection was clear.  Figure 4-01 depicts the various turning types.  
Figure 4-02 is an AutoCAD drawing of the intersection and figures 4-03 to 4-06 are photographs 































































Figure 4-02. AutoCAD Rendering of Bailong Lu @ Huancheng Lu (1
st





























Figure 4-03. Northwest Bound Approach of the 1
st











Figure 4-04. Southeast Bound Approach of the 1
st






































Figure 4-06. Southwest Bound Approach of Bailong Lu 
 
Beijing Lu @ Baiyun Lu 
 Beijing Lu is the main north-south route that begins just south of the Kunming‟s 
downtown central business district and extends to its northern suburbs making it one of the 
busiest roads in city.  The city‟s main bus stations and rail stations are located at or near the 
southern terminus of Beijing Lu.  In the city center, in addition to large office buildings, 
shopping centers and hotels also line the road.  Beijing Lu is currently being extended northward 
further into the suburbs of Kunming.  As the city continues to grow, farmland and low income 
housing in the north is quickly being turned into dense middle to high income residential and 
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commercial properties.  One unique aspect of Beijing Lu is the fact that it has a bus rapid transit 
system (BRT) that spans the entire length of the road.  The BRT system provides public transit 
buses exclusive lanes, one in each direction, with bus stations located at every major intersection 
and other major areas.  The distance between stations averages about 500 meters along this 
corridor (Institute for Transportation and Development Policy 2008).  The BRT route allows the 
buses to avoid automobile traffic and usually provide a quicker commute than bicycles and 
electric bikes.  More information on the BRT will be discussed later in this report.  Just before 
the intersection, Beijing Lu has three lanes in each direction on both the north and south 
approaches.  The bicycle lanes are fairly wide, but they are only delineated from the vehicle 
lanes by a solid white stripe.  At the intersection with Baiyun Lu, Beijing Lu widens 
considerably.  The three through lanes on both approaches expand to four, and the BRT lanes 
widen out to allow for a left-turn BRT lane in addition to platforms for loading bus passenger.  
The bus stations are located on the far side of the intersections.  Although four lanes are present 
for through vehicles in both directions, there are only three receiving lanes in each direction.  
This causes a bottleneck for automobiles in the left most lane and the adjacent through lane and 
creates a merging situation within the intersection forcing vehicles to switch lanes.  The three 
through lanes on the right are best aligned with the three receiving lanes, and the left most lane 
aligns with the BRT stop on the opposite side of the intersection.  When this intersection was 
reconstructed fairly recently to add the BRT lanes, right-turn islands and traffic islands were also 
included.  Right-turning vehicles must enter the bike lanes and share the lane for a short distance 
before separating from through bikes at the large islands.  The islands allow pedestrians to have 
separated conflict points with traffic depending on the movements as well as provide refuge from 
traffic while waiting to cross.  All crosswalks are five meters in width and are located on all four 
approaches and right-turning bays. 
 The Baiyun Lu approaches have two lanes in each direction with a raised grass median 
separating bike lanes in both directions on the west bound approach and no barriers on the 
opposite approach.  There is a relatively close bus stop about 120 meters to the east of the 
intersection that can have an impact on the intersection.  The bus stop is on the right outbound 
lane of the east bound lanes.  At the intersection, Baiyun Lu has three through lanes in each 
direction which quickly merge into two lanes shortly after the intersection.  Similar to Beijing 
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Lu, right-turning vehicles on Baiyun Lu must enter the bike lanes for a short distance before 
turning right.  The only vehicles that are allowed to make left-turns at this intersection are public 
buses.  On Beijing Lu, buses have a dedicated left-turn lane.  Passenger vehicles that want to turn 
left from Beijing Lu must first turn right onto Baiyun Lu and then make a U-turn and turn right 
back onto Beijing Lu.  Vehicles that want to turn left from Baiyun Lu must proceed straight 
through the intersection, make a U-turn, and then turn right onto Beijing Lu.  An AutoCAD 
drawing of the intersection is shown in figure 4-07.  Figures 4-08 to 4-11 on the following pages 
are pictures to better illustrate the Beijing Lu and Baiyun Lu intersection and BRT lanes.  Left-
turning bikes can either make a near or far L-shaped left-turn, but are encouraged to make a far 
L-shaped turn as the markings in figure 4-08 show.  Left-turning bikes are to enter the 
intersection and proceed straight until they reach a bicycle symbol and left-turn arrow painted on 








































































































Figure 4-10. Baiyun Lu Westbound Approach with Shared Through Bike and Motor 
















Figure 4-11. View of BRT Station North of the Beijing Lu and Baiyun Lu Intersection. 
Source: http://www.chinabrt.org/en/cities/kunming.aspx 
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Yuantong Lu @ Qingnian Lu 
The final intersection is Yuantong Lu and Qingnian Lu, which is located just north of the 
central business district and just to the northeast of Yunnan‟s Provincial Government offices, and 
adjacent to the Kunming Zoo.  About 95 meters east of the intersection, Yuantong Lu bridges 
over the Pan Long River before intersecting with Beijing Lu.  Yuantong Lu runs east and west 
and connects Green Lake Park (Cui Hu Park), a major tourist attraction, and Beijing Lu.  The 
road has two lanes in each direction for the entire length with a shared bike lane and right 
through lane.  However, at the intersection, a short west bound bike lane is created just beyond 
the bridge and extends for about 190 meters beyond the intersection separated by a small, one 
meter tall fence.  A bike lane on the east bound side is created as well at the intersection, but it 
does not continue through the intersection.  The two east bound through lanes are joined by a 
right-turn lane, and one of the west bound through lanes is also a shared right-turn lane. 
Qingnian Lu is also a four lane roadway with two lanes in each direction.  On the 
southern approach to the intersection the bike lanes are separated by a raised median, however, 
on the northern approach, there are separate bike lanes for a short distance, but they are not 
barrier-separated from the vehicle lanes.  At the intersection the north bound approach gains a 
third lane through lane to the left of the existing lanes.  The right lane then becomes a shared 
through and right-turn lane.  On the south bound approach, a right-turn lane joins the two 
through lanes.  Buses are the only vehicles that are allowed to make left-turns at this intersection; 
however, they only do so from the Yuantong Lu approaches.  Traffic control officers are also 
present at this intersection; to help prevent the intersection from becoming jammed by stopping 
pedestrians and bikes from entering the intersection when the signal indicates, and they also 
orchestrate motor vehicle movements.  A small police tent was also positioned on the northwest 
corner of the intersection, which helped to ensure compliance by motorists and pedestrians of the 
signal and traffic control officers.  Bicycle and electric bikes are also allowed to make left turns 
but must do so by first proceeding straight then turning left after the adjacent automobile through 
green phase is complete (far L-shaped left-turn).  Pedestrians are also provided with crosswalks 
perpendicular to all four approaches.  An AutoCAD drawing of this intersection is depicted in 
  47 
figure 4-12 on the following page.  Figures 4-13 to 4-16 are pictures of the intersection taken 
from the building that was used as the site to video record Yuantong Lu and Qingnian Lu.  
























































































 The volumes for all road users were calculated for a fifteen minute period.  Volumes for 
each of those fifteen minute periods were categorized by approach, then by movement, then by 
vehicle type or pedestrians.  The volumes that were entered into the simulation files for each 
approach were obtained using the peak 15 minute period per movement and multiplying that 
volume by four.  This method allows the simulation of the peak 15 minutes for one hour.  
Additionally, the peak hour factor was calculated, and it is a value that is used to indicate the 
fluctuations in traffic flows within the peak hour.  Peak hour factors can range from .25, which 
means all flows occur during one of the 15 minute periods, to 1.00, which indicates the flows are 
evenly distributed throughout the hour.  The equation for the peak hour factor is shown below 
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 Where PHF is the peak hour factor, Vt is the total volume for the peak hour, and Vp is the 
volume for the peak fifteen minute period.  The actual number of road users counted, and the 
peak volumes used for the simulation are located in tables in appendix A of this report. 
 
 
Signal Phasing and Timing 
 
 Although there are many types of controllers for signals that allow them to adapt and 
change to present traffic conditions at intersections, the three intersections that were chosen for 
this study all have fixed times.  These fixed times do not allow the signals to detect motor 
vehicles and extent or shorten certain phases.  Signals in Kunming also have a distinctive feature 
that counts down the time before the signal will change to red or green.  A small box, pictured in 
figure 4-17, is located next to the signal heads on the mast arms and it displays the timer.  The 
countdown begins nine seconds before the signal changes phases and displays green or red 
numbers depending on the color of the signal that is illuminated.  While the signal is red, the 
signal head blinks a few seconds (which is equal to the clearance interval and the yellow time for 
the cross traffic) before the countdown begins.  That blink also indicates that the countdown has 
begun in the opposite direction to end their green phase.  When the signal is green, the signal will 
also blink at the beginning of the timer.  Once three seconds is displayed, the signal head begins 
blink steadily until the signal turn yellow.  Most intersections in the city of Kunming have only 
two phases due to the fact that many intersections restrict left-turns.  However, the Bailong Lu 
and 1
st
 Ring intersection not only permits left-turns, but also provides a protected left-turn phase 
on the 1
st
 Ring Road.  Other cities such as Beijing may use separate bike and motor vehicle 
signals, however, these three intersections in Kunming do not have separate bicycle signals.  
Unless there is separate bicycle signal, cyclists must follow the signals for the motor vehicles as 
well.  Pedestrians also have separate signal heads that illuminates a human silhouette.  A flashing 
red silhouette warns pedestrians to finish crossing and other individuals not to begin crossing 
while a green one permits crossing. 
 
 







Figure 4-17. Example of Signal Heads and Countdown Display 
 
 
The following is a list of signal information that was obtained during data collection for 
each intersection.  Tables 4-01 to 4-03 and Figures 4-18 to 4-20 on the following pages show 
specific timings for each signal phase as well. 
 
Bailong Lu @ 1
st
 Ring 
 Signal cycle length is 93 seconds 
 Three vehicle and bicycle phases; Bailong Lu through, 1st Ring through, 1st Ring left 
 During the green phase of Bailong Lu, the signal heads display both a green through 
arrow and a left-turn arrow; however, left-turns are only permitted not protected. 
 The left-turn phase lags behind the through phase for the 1st Ring 





















Time to First Blink & 
Countdown Begins
22 17 15
Time to Begin Steady 
blinking
29 23 22
Total Green 31 26 24
Pedestrian walk 20 15 N/A
Yellow 2 2 2
Flashing don‟t walk 11 11 N/A
Clearance Interval 2 N/A 2
Time Viewing Red 58 63 65
















 Ring @ Bailong Lu Signal Phase Diagram 
 
Beijing Lu @ Baiyun Lu 
 Signal cycle length is 110 seconds 
 Two signal phases 
 Red light cameras were on the north bound Beijing Lu approach and the west bound 
Baiyun Lu approach 
 BRT buses are controlled by the same signals as the passenger cars 
 















Time to First Blink & 
Countdown Begins
42 42
Time to Begin Steady 
blinking
48 48
Total Green 51 51
Pedestrian walk 40 40
Yellow 2 2
Flashing don‟t walk 11 11
Clearance Interval 2 2
Time Viewing Red 57 57












Figure 4-19. Beijing Lu @ Bailong Lu Signal Phase Diagram 
 
 
Yuantong Lu @ Qingnian Lu 
 Signal cycle length is 118 seconds 
 Two signal phases 
 Traffic control officers were present to help reduce red light running and manage bicycle, 
electric bike, and vehicle traffic 
 

















Time to First Blink & 
Countdown Begins
46 46
Time to Begin Steady 
blinking
52 52
Total Green 55 55
Pedestrian walk 44 44
Yellow 2 2
Flashing don‟t walk 11 11
Clearance Interval 2 2
Time Viewing Red 61 61














Figure 4-20. Yuantong Lu @ Qingnian Lu Signal Phase Diagram 
 
Road User Behavior 
   
Improving the safety of roadways in China relies heavily on the compliance of drivers to 
the traffic rules, traffic control devices, and law enforcement.  Although the mixed traffic and 
congestion that exists due to the dense population of many cities contributes to the seemingly 
chaotic roads, many of the problems are created because of novice drivers‟ impatience, lack of 
knowledge of the rules, or the complete disregard of the rules.  The observance of traffic at the 
study intersections and other roadways in Kunming revealed the following: 
 In instances of heavy traffic, many vehicle drivers will travel in the bike lanes if the lanes 
are accessible and wide enough to handle vehicle traffic. 
 Although pedestrians have the right-of-way when crossing in pedestrian crosswalks, 
vehicles often force their right-of-way, which often leaves pedestrians who could not 
cross before the signal changed stranded in flowing traffic. 
 Drivers also will create additional lanes when only a single lane is marked.  For example, 
at the 1
st
 Ring and Bailong Lu intersection which is pictured in figure 4-21, left-turning 

































Figure 4-22. Traffic Jam in Northern Kunming  
 
 Drivers frequently ignore double yellow stripes and travel on the opposite side of the road 
as shown above in Figure 4-22 in the northern suburbs of Kunming. 
  57 
 At signalized intersections many bicycles and electric bikes will travel in the pedestrian 
crosswalks while their approach signal is red in an effort to traverse the intersection with 
little or no delay. 
 Pedestrians frequently enter and hurry to cross intersections while the “don‟t walk” 
indicator is flashing.  
 Drivers of both vehicles and electric bikes typically sound their horns very often, but not 
only in emergency situation, but to warn other drivers of their presence whether they 
want to pass a slower vehicle, merge, or make a turn.  This causes continual noise 
pollution. 
 Yielding behavior between vehicles is sporadic.  Right-turning vehicles merge, but 
typically do not stop or yield the right-of-way to cross traffic.  Additionally, left-turning 
vehicles at intersections with permitted left-turns often do not yield to the opposing 
traffic, especially at the onset of the green indicator. 
 Taxi drivers tend to be the most willful violators of traffic laws.  Many of them proceed 
though red signals long after they have turned red. 
 Police appeared to ignore traffic laws, second only to taxi drivers. 
 Government vehicles, which were easily identifiable from their white license plates, also 
regularly ignore left-turning and bus lane restrictions. 
 Although no occurrences were witnessed at the three intersections that were studied, 
intersections in Kunming also can become completely jammed as pictured in Figures 4-
23 and 4-24.  This phenomenon can be partly contributed to their slightly aggressive 
driving style which consists of drivers failing to yield to opposing conflicts, vehicles 
stuck in intersections due to either running red lights or blocked by traffic from signals 
upstream, and drivers continually forcing their way into the intersection although they are 
unable to traverse it. 
 As a result of countdown signals, many drivers and especially cyclists begin moving into 





























Figure 4-24. Eastbound View of Traffic Jam at Northern Kunming Intersection  
 
The above behaviors were modeled in VISSIM to better simulate the traffic conditions.  
It should be noted that driving behavior in other larger cities such as Beijing and Shanghai may 
differ from Kunming.  Those two cities have more of an international influence, and their driving 
behavior appears more constrained and in line with western driving styles.  Comparisons of 
driving styles in Beijing were observed in late June and early August which was right before 
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Beijing hosted the 2008 Summer Olympic Games.  The government took measures to reduce the 
traffic on the road by alternating days in which private vehicles are allowed to travel based on an 
odd-even system and their license plate number, which resulted in less traffic.  Government 
officials also encouraged more acceptable driving behavior from taxi drivers, from forming 
better lines to learning English (Wade 2007).   
The following is a list of parameters that were changed in the VISSIM model based on 
visual observations. 
 Lateral Behavior which allows vehicles traveling in the same lane to overtake one 
another in that lane if it is wide enough was altered.  This is allowed for passenger car 
and motorcycle modeling as well as for instances where bicycles and electric bikes share 
the same lanes as passenger car traffic. 
 Additionally for car following behavior, adjustments were made to the look-ahead 
distance, which affects how simulation drivers react to other vehicles, especially ones that 
are queued in the same lane or adjacent lanes.  This parameter was important for bicycle 
and electric bike driving and queuing behavior. 
 Lane change limitations were loosened for this model to allow for more aggressive 
driving.  The safety distance reduction factor, which allows for shorter distances between 
lane changes, was lowered, and the deceleration rates necessary for more aggressive lane 
changes where altered for the leading and trailing vehicles. 
 Different approaches to each intersection can be given different behavior types depending 
on if the approach shares lanes with bike and electric bikes. 
 Priority rules and conflict areas were used interchangeably at all intersections to better 
exhibit yielding and unyielding behavior.  Priority rules allows for a particular movement 
to always have priority over a conflicting one without any exceptions, and relies on either 
headway distance or gap time.  Conflict areas also can give priority to one movement, but 
if the conflict area is not clear, the vehicle with priority will yield until it can clear the 
conflict area.  For simulation purposes, one worked better than the other on various 
movements and conflict points, depending on the case. 
Speed was the only measured driving behavior parameter that was entered into VISSIM.  
The speeds for bicycles, electric bikes and vehicles were measured within 200 meters of each 
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intersection and used to determine the minimum, maximum, average, 50
th
 percentile and 85
th
 
percentile speeds.  One hundred vehicles on each road as well as 100 bicycles and electric bikes 
were timed at each intersection. The 85
th
 percentile speed is perhaps the most important of all the 
calculated speeds.  It represents the speed at which 85 percent of the vehicles are traveling at or 
below or the speed that most drivers feel safe maintaining.  Usually this speed is used for setting 
or evaluating the posted speed limit and determining the design speed of a roadway (Currin 
2001).  The speeds of each approach measured were put into relative speed groups and the 













), Pmin is the lower cumulative 
percentage, Pmax is the higher cumulative percentage, Smin is lower speed, and Smax is the higher 
speed. 
The accepted range of pedestrian walking speeds was set at a minimum of 1.02 meters 
per second (3.67 kph) and a maximum of 1.30 meters per second (4.68 kph) (Lee and Lam 
2008).  The spot speed calculated at each intersection yielded the following results shown in 
tables 4-04 to 4-06. 
Table 4-04. 1
st












Vehicle Bicycle Electric Bike
Minimum 25.98 10.07 14.89
Maximum 53.69 19.83 31.63
Average 38.22 14.43 21.67
50th Percentile 35.75 13.63 20.50
85th Percentile 44.33 17.08 25.63
Vehicle Bicycle Electric Bike
Minimum 24.03 9.53 14.66
Maximum 82.57 19.46 33.77
Average 45.49 12.78 21.32
50th Percentile 44.67 11.50 20.50
85th Percentile 51.83 15.38 24.38
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The data show that the vehicle speeds are consistent with the roadway intersection 
locations and the roadway types of their approach.  Vehicles at the Yuantong Lu-Qingnian Lu 
intersection traveled the slowest given the location near the city‟s business district, while the 
Beijing Lu-Baiyun Lu intersection had the highest speeds due to the location in the suburbs and 
wider cross sections.  However, bicycles experienced the opposite, with higher speeds closer to 
Vehicle Bicycle Electric Bike
Minimum 59.87 7.78 17.42
Maximum 20.84 20.17 33.13
Average 35.06 12.91 22.83
50th Percentile 52.25 12.50 21.50
85th Percentile 73.00 14.75 25.75
Vehicle Bicycle Electric Bike
Minimum 24.51 7.75 15.17
Maximum 89.21 18.05 26.91
Average 44.98 12.16 22.63
50th Percentile 42.20 10.90 22.14
85th Percentile 54.33 15.13 24.85
Beijing Speed (kph)
Baiyun Speed (kph)
Vehicle Bicycle Electric Bike
Minimum 18.62 8.21 14.12
Maximum 40.75 19.64 36.61
Average 30.44 13.72 22.76
50th Percentile 29.23 13.00 22.00
85th Percentile 35.33 15.85 26.31
Vehicle Bicycle Electric Bike
Minimum 16.77 10.02 13.96
Maximum 39.03 21.72 29.40
Average 27.08 16.10 21.13
50th Percentile 26.18 15.70 20.50
85th Percentile 31.00 17.63 24.75
Qingnian Speed (kph)
Yuantong Speed (kph)
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the city center and the Beijing Lu-Baiyun Lu intersection having the slowest speeds.  This could 
partly be attributed to the fact that the Beijing Lu-Baiyun Lu intersection has a much higher 
number of bicycles and electric bikes, which could cause conflicts and slower speeds in the bike 
lane.  The electric bikes have a more constant speed across all intersections.  A graphical 
depiction of each speed distribution is located in the appendix of this report. 
A few other driver parameters were kept at their default setting at the suggestion of the 
VISSIM instructions.  The following is a list of the parameters that were not changed in the 
simulation. 
 Acceleration and deceleration rates were not changed given the variability between 
individual vehicle models and driving styles 
 The car following model, which use Wiedmann74 model parameters 
 Reaction parameters to signals changing phases 
 Temporary lack of attention (sleep parameter) of drivers 
 
Constructing Intersections in VISSUM 
 
The development of the intersections in VISSIM began with the placement of the links 
and connectors.  Links are the roadway in which vehicles travel on, and connectors join links to 
one another.  To ensure the correct scale and geometric layouts of the intersections, Google Earth 
and the updated AutoCAD files of those intersections were used as a guide.  Figures 4-25 to 4-27 
depict the intersections that were drawn in VISSIM.  The various colors of the links and 
connectors help to distinguish the sidewalks, roadway, bicycle lanes, and the BRT lanes: the dark 
grey are the vehicle lanes, the light green represents the bike lanes, the white links are the BRT 
































































Figure 4-27. Yuantong Lu @ Qingnian Lu Intersection in VISSIM  
 
The base data for simulation parameters set the guidelines for the stochastic behavior that 
are necessary for the variability in VISSIM.  The following parameters were left at their default 
setting because they either were already adjusted to the appropriate values, or they were not in 
the scope of this project‟s objective and would not affect the outcome. 
 Vehicle dimensions (length, width, height, and wheelbase),  
 Emissions data 
 Vehicle weight and Power distributions 
 Vehicle occupancy  
China‟s vehicle fleet ranges from old to new and large and small, therefore many of these 
parameters would vary from model to model and VISSIM‟s default settings take that into 
account.   
Other base data parameters that were adjusted or created for simulation of the three 
intersections include the following: 
 Vehicle volumes were entered into each approach and pedestrian crossing using the peak 
fifteen minute period volumes multiplied by four. 
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 Vehicle types, which are vehicles with similar technical characteristics and driving 
behavior such as a sedan and a pickup truck or single-unit box truck and single-unit 
flatbed trucks, were adjusted to include articulated buses for the Beijing Lu-Baiyun Lu 
intersection and electric bikes for all intersections. 
 Volume model distributions allowed vehicles in the same vehicle types to have a higher 
percentage than others such as a regular city bus versus a double-decker city bus which 
are not used as often. 
 New vehicle classes for both articulated buses and electric bikes were also created.  
Vehicle classes allow for more than one vehicle type to be combined if they have similar 
driving behavior but have different vehicle characteristics such as acceleration and speed 
or they need to be placed in different routes.  For example, articulated buses only run on 
the Beijing Lu BRT line and need their own vehicle class so they will not be modeled on 
other lanes and routes. 
 Traffic composition defines the vehicle type and distribution for each vehicle volume 
input.  A separate composition was created for each approach or roadway at all 
intersections. 
 Routes were assigned based on the turning movement counts that were obtained from the 
video data.  The turning movements were entered as a percentage of the total volume of 
each approach. 
 Transit routes were included to allow only city buses to turn left at intersections where 
other vehicles could not. 
 The transit routes also allowed for bus stops to be placed near intersections where they 
could potentially have an impact on traffic flow though the intersection.  Dwell time 
distributions also determined how long buses remained at intersections before moving to 
the next stop. 
Upon the completion of entering all the appropriate data into each intersection file, the 
simulation parameters were also set.  The total simulation time period of 4500 seconds was 
selected.  This allows for approximately 15 minutes (900 seconds) in order to distribute vehicles 
and pedestrians in the intersection and allots 3600 seconds or one hour for actual simulation and 
data collection.  The vehicles and pedestrians that traverse the intersection during the 15 minute 
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time period will not be included in the analysis of the intersections; however, they are necessary 
to make the simulation more realistic in order to prevent the initial vehicles from entering into an 
empty intersection.  The simulation resolution, which is the number of times a vehicle‟s position 
will be observed in a simulation second, was left at the default setting of five.  Random seeds, 
which allow for different arrival rates of the vehicles to the intersections, were performed for all 
existing and proposed files.  Five random seeds ranging from 1 to 15 were conducted for each 
file, and the averages of the results are reported in this thesis.  To help ensure that the existing 
models accurately represent the conditions that were recorded, the existing files‟ volumes were 
compared to that of the peak hour volumes that were entered into VISSIM for each approach.  
The volumes, in vehicles-per-hour, were recorded just beyond the stop bar of the intersection for 
through and left-turning vehicles, and on the connecters between two links for right-turning 
motor vehicles. 
 
Simulation of Alternatives 
 
Files containing the existing conditions of the three intersections were altered to include 
various geometric and signal changes that were deemed appropriate for that intersection to 
reduce conflicts.  The existing geometry and spatial constraints at each intersection helped to 
determine the appropriate alternative.  At least two alternatives were created for each 
intersection.  As noted in the literature review, a variety of publications were consulted in 
developing alternatives for the bicycle and vehicle interactions.  For some of the alternatives to 
work, assumptions had to be made that all road users would be comply with new traffic rules. 
The first alternative is to apply delayed green phases for right-turning vehicles.  This 
would allow for the initial platoon of bicycles, many of which already enter the intersection 
before the light turns green, to have precedence over right-turning vehicles at onset of each 
through phase.  The addition of a right-turn red signal would be needed to ensure that through 
bicycles and electric bikes had the right-of-way during their exclusive green time.  The green 
phase for the right-turning vehicles would be illuminated 10 seconds behind the through 
bicycles.  Ten seconds allow for a start-up lost time of 2.5 seconds plus the addition of a 
saturation headway of 0.8 seconds for the nine bicycles queued directly behind the initial bicycle 
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(Raksuntorn and Khan 2003).  Although many cyclist enter the intersection before the onset of 
green due to the countdown signals, the start up lost time from the Raksuntorn and Khan study 
was used to account for cyclist that follow the regulations of waiting behind the stop bar, and 
because VISSIM is unable to simulated that behavior. 
Another option includes eliminating conflicts between right-turning automobiles and 
through bike traffic by preventing right turns on green.  This would allow all bikes to travel 
unobstructed through the intersection during the green time; however, approaches without a 
separate right-turn lane could experience heavy delays to through motor vehicles. 
A geometric alternative is the addition of right-turn lanes on approaches with a shared 
right and through lane.  This dedicated right-turn lane gives cyclist the opportunity to recognize 
when a motor vehicle is going to turn right as opposed to speculating whether a motor vehicle in 
a shared through lane will turn and present a conflict.  Also, removing vehicles from through 
traffic lanes allows for higher capacities for both through movements and for right-turning 
vehicles.  Through vehicles do not have to be slowed by right-turning vehicles, which also may 
be forced to stop due to pedestrians and bicycle conflicts, and right-turning vehicles do not have 
to wait for the light to turn green behind through vehicles.  For approaches with an existing right-
turn lane, the right-turn lane was moved to the right of the through bike lane, and the right-
turning bikes and motor vehicles would share the outside lane.  This alternative will force 
conflicts between motor vehicles and bikes to occur upstream where traffic streams are less 
dense and away from other conflict points with other modes. 
The fourth option is to place a separate signal at intersections where the bike lanes must 
be shared with right-turning automobiles.  The signal would be located upstream from the 
intersection at the point where right-turning vehicles must merge with bikes and travel in the 
same lane for a short distance in the shared right-turn lane.  The signal would allow bike and 
motor vehicle flows to alternate right-of-way within the lane and at the conflict point. 
Synchronization of the signal would be necessary so through bicycles would arrive at the main 
intersection near the onset of green.  Perhaps a major disadvantage of this alternative would be 
that it would force right-turning vehicles to queue in the right through lane upstream of the 
intersection. 
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The final alternative would give bicycles an exclusive phase in which all motor vehicle 
traffic is stopped.  Each road would have a separate bike phase, which in many Chinese 
intersections with only two phases would increase the number of phases to four.  Each bike 
phase would lag behind its concurrent through motor vehicle phase, and would allow left-turning 
bikes to enter the intersection and only be permitted to make a direct left-turn after the initial 
platoons of opposing through bikes have passed.  This will eliminate left-turning conflicts with 
opposing through vehicles, and place left-turning bikes on the opposite end of the intersection 
from the through cross traffic instead of directly in front of the stop bar of the cross traffic as it is 
currently. 
All of the above alternatives are ones that could be implemented and are fairly cost-
effective.  However, a few intersections in Kunming and in many other cities in China have been 
reconstructed to form grade-separate intersections.  The layout of many of these intersections 
allows for motor vehicle lanes to ascend above bicycle lanes or the bikes to slowly ramp 
downward below the motor vehicles.  At the intersection, the motor vehicle lanes either meet 
with the cross traffic at a signal or the lanes themselves are also grade separated as shown in 
figure 4-28 to form an interchange.  Typically the bikes in the underpass meet in a roundabout 
and the bicycles and electric bikes are able to transfer to any approach while circling the 
roundabout.  Although this configuration completely eliminates the conflict between bikes and 
motor vehicles, it is very expensive to construct and requires a fairly sizable footprint which 
makes it unfeasible at many locations.  Additionally, many motor vehicles illegally navigate 





























Figure 4-28. Grade-Separated Interchange at Beijing Lu and 2
nd
 Ring Road in Kunming 
 
 
The following is a list of which alternatives were applied to each intersection for analysis: 
1
st
 Ring at Bailong Lu 
 Delayed right-turn green times 
 Prevent right-turning vehicles during green through phase 
 Addition of a right-turn lane and placing existing right-turn lane to the right of bicycle 
through lanes 
Beijing Lu at Baiyun Lu 
 Upstream signal for right-turn lanes 
 Placing existing right-turn lanes to the right of bicycle through lanes 
Yuantong Lu at Qingnian Lu 
 Delayed right-turn green times 
 Split right-turn green phases 
 Exclusive bicycle phasing 
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Data Evaluation 
 
There are four main parameters for the evaluation of the existing conditions and the 
alternatives; average speed, average delay, queue lengths, and average travel times.  The goal of 
the proposed alternatives is determine the best options that provide a balance of reducing 
conflicts while keeping the negative effects on the four parameters to a minimum.  However, the 
reality of modeling an intersection for peak conditions with minimal changes that don‟t require 
major reconstruction makes that goal extremely difficult.  The alternatives listed above will be 




 In the simulation, queue counters were placed at all stop bars for the signal on all 
approaches.  The exception was for right-turning vehicles that are in an exclusive right-turn lane 
because of the almost non-existent yielding behavior of right-turning vehicles.  The queue length 
is measured from the location of the queue counter upstream to the last vehicle in line.  If the 
queue stretches beyond the link or connector that the queue counter has been placed, the length 
will be measured until the beginning of all preceding links to determine the maximum length.  
Queue measurement configuration parameters that define whether or not a vehicle is queuing 
were left to default settings.  In addition to the maximum queue lengths the average queue 
lengths and total number of stops were observed. 
The beginning of each approach to all the intersections was placed at least 400 meters 
from the stop line.  This arbitrary distance was chosen because it allows for the analysis of 
queues.  Many of the approaches have adjacent intersections that are closer than this distance, 
therefore queue lengths that approach or exceed 400 meters are deemed to be excessive and 
indicate that the signal and intersection are probably failing in their LOS, which is discussed later 
in this chapter.  The only exception to this length was the Bailong Lu northeast bound approach.  
As a result of its relatively low volumes, queues never backed up significantly and there was no 
need for an extended approach.  Queue lengths for bicycle and electric bike approaches were 
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usually less then half the length of the motor vehicles‟ because bikes are able to queue next to 




In order for travel times to be recorded, travel time sections had to be defined.  These 
sections were placed within one meter of the beginning of each approach for vehicle lanes, bike 
lanes, and the pedestrian sidewalks.  The end of the section was placed near the termination of 
the receiving links.  One section had to be defined for each turning movement and for each 
vehicle type, which means up to seven sections could be defined for an individual movement.  
The travel time is the time that it takes a vehicle to travel from the beginning cross section to the 
second cross section and is measured in seconds. 
It should be noted that travel times for motor vehicles should not be compared to that of 
bicycles and electric bikes nor should one approach be compared with another because they have 
different travel distances.  Each mode must be compared to modes that it shares paths with from 





VISSIM calculates the average speed for all vehicle types and on all approaches using the 
defined travel time sections.  Average speed of the vehicles is the time, in seconds, that it takes 
to complete the travel time section.  The data will be presented for vehicle types only and not for 
individual approaches.  Bicycles, motor vehicles (cars, buses, trucks, and motorcycles), electric 
bikes, and pedestrians all have a separate speed curve which provides a set range for their free 
flow speed, or the speed at which each vehicle would travel if no other vehicle or traffic control 
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Delay 
 
Delay is perhaps the most important parameter in signal evaluation.  Defined by VISSIM 
as the difference in the ideal travel time and the actual travel time, delay is measured in seconds 
per vehicle.  The ideal travel time is the time that it would take a vehicle to travel from one point 
to another if there were no other vehicles present, no signals, or other reasons to stop between the 
two points.  For bus travel, the delay does not include time spent at a bus station (dwell time), but 
does include the loss time due to acceleration and deceleration caused by the bus station.  It is 
accepted practice to use delay as a measurement to grade an intersection on performance or 
Level of Service (LOS).  The Highway Capacity Manual (HCM) created Table 4-07 to 4-09, and 
they are a culmination of studies conducted by the Transportation Research Board (TRB), 
AASHTO and the FHWA.  The latest manual, HCM 2000, is used by engineers and researchers 
throughout the world for practical and analytical reference.  
Signal delay for vehicles consists of time spent decelerating, waiting in a queue, and 
accelerating.  The factors that affect those three time periods include lane capacity, signal 
effective green time, and cycle length.  The equation below, found in the HCM, is used to find 
the average delay per motor vehicle for a lane group at a controlled intersection 
 
 
Where d is the control delay per motor vehicle, d1 is the uniform control delay, assuming 
motor vehicles arrive at a uniform rate, PF is uniform delay progression adjustment factor that 
accounts for the effects of signal progression, d2 is the incremental delay that accounts for the 
effect of random arrivals and over-saturation queues, and d3 is the initial queue delay that is 
observed at the beginning of the analysis period.  However, the most commonly accepted 
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    Where d1 is the uniform control delay of motor vehicles (s), C is the signal cycle length 
(s), g is the effective green time (s), Vb is the actual flow rate (motor vehicles per hour)., and Cb 
is the motor vehicle lane capacity (motor vehicles per hour) (FHWA 2004). 
Table 4-07 shows the criteria when measuring LOS for automobiles.  The table also 
depicts the criteria for unsignalized intersections.  Delay is usually measured as a weighted 
average of all vehicles for each approach, however, VISSIM calculates individual delays for all 
vehicles and can average those delays based on movements and specific vehicle types in that 
movement.  This method is necessary for the evaluation of the alternatives given the need to 
examine how changes affect each turning movement.  It should be noted that the delay in 
VISSIM is not exclusively control delay, but is total delay that includes delays that may be 
attributed to lane changes and buses blocking through lanes at stations near intersections.  
However, for this study the delay that VISSIM conveys is assumed to be completely control 
delay in order to compare with the LOS using the charts below. 
 





















A ≤ 10 ≤10
B > 10-20 >10-15
C > 20-35 >15-25
D > 35-55 >25-35
E > 55-80 >35-50
F > 80 >50
Motor Vehicle Delay
  74 
Bicycle LOS is determined using the criteria shown in table 4-08.  The HCM provides 
these guidelines for intersections where exclusive bicycle lanes are available.  The delay time 
variables are slightly different from that of the motor vehicles.  In determining the delay 
parameters, some assumptions were made by the HCM.  The saturation flow of bicycles used 
was 2000 bicycles per hour, and the assumption that right-turning vehicles would yield to bikes 
was also made.  However, the saturation flow of bicycles can vary from one intersection to 
another mainly due to variable bike lane widths, which the HCM does not account for, or can 
vary by country because of different cycling behavior.  According to the HCM, the delay of 
bicycles can be calculated using the same equation as vehicles, but it should be noted that the 
calculated delay may be higher than the actual delay in locations, such as China, where the above 
mentioned saturation flow rate is usually higher and yielding behavior is not the same (FHWA 
2004).  A paper published examining bicycle saturation flow rates and start up lost times 
compiled data from other studies around the world that varied greatly on their assessment of 
saturation flow rate for bicycles.  Those studies estimated that saturation flow rate could range 
from 1500 to 5000 bicycles per hour for every meter in width.  However, the authors, through 
studies conducted in California and Colorado, found that a bicycle lane with a width of three 
quarters of a meter could handle a saturation flow of 1500 bicycles per hour (Raksuntorn and 
Khan 2003).  It should also be noted that neither the HCM equation nor the other studies 
included any consideration for electric bikes. 
As shown in table 4-09, pedestrian LOS has the exact same time intervals and grades as 
bikes.  However, one component to pedestrian LOS is the likelihood that a pedestrian may not 
comply with the signal if they have to wait too long.  The equation below shows the calculation 
for the delay of a pedestrian (FHWA 2004). 
 
 
Where dp is the average pedestrian delay (s), C is the cycle length (s), and g is the 
effective green time for pedestrians (s). 
In general, a level of service of “C” or better is desired for an intersection‟s approaches, 
which means a delay of less than 30 seconds for motor vehicles and less than 20 seconds for 
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A < 10 Low
B ≥ 10-20 -
C > 20-30 Moderate
D > 30-40 -
E > 40-60 High
F > 60 Very High
Pedestrian Delay
LOS
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Chapter 5 Intersection Alternatives 
 
 There were 22 total VISSIM files created for simulation.  Each intersection had two 
existing files, one for the morning and one for the evening peak hour, and each alternative had a 
morning and evening peak hour file as well.  The existing conditions were mirrored after the 
video obtained for each location, and all alternatives were created from the files that contained 
the existing traffic information.  The only difference between the morning and evening files are 
the volumes, traffic compositions, and vehicle route distributions.  The alternatives are numbered 
according to the order in which they were created, and are described for each intersection since 
the number of alternatives and the type of alternative varies from one intersection to the other.  
This chapter describes the VISSIM files created for each intersection.  Tables and figures with 
detailed information on the results (queue lengths, travel times, speed, and delay) for each file 
are located in Appendix C through Appendix F of this report.  A comparison of the results is 




 Ring @ Bailong Lu Existing Conditions 
  
The approaches to this intersection consist of two four-lane roads that have exclusive 
bike lanes in three of the four approaches.  Within the intersection, all approaches have a motor 
vehicle left-turn lane, and the northwest bound approach has an exclusive right-turn lane.  Of the 
three intersections evaluated in this thesis, this intersection has the least amount of traffic, and it 
was also unique in that it not only allows all automobile to make direct left-turns, but the 1
st
 Ring 
has a dedicated left-turn phase that also benefits bikes.  Since this was the case, the alternatives 
were focused on the conflict between right-turning motor vehicles and through and left-turning 
bicycles.   
 
Alternative 1 
The first alternative was to use delayed green times to allow through bicycles and electric 
bikes to enter the intersection first and prevent right-turning vehicles from completing their turn 
until the initial green time ends.  The signal head would display a red arrow for right-turning 
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vehicles.  As explained earlier in this report, the through bicycles were given a ten second 
window in which they have the right-of-way over right-turning vehicles.  Ten seconds allows for 
the start up lost time of 2.5 seconds plus the addition of the saturation headway of 0.8 seconds 
for nine bicycle queued directly behind the initial bikes.  The lost time and saturation headway 
for bicycles was used because their times are inherently longer than electric bikes.  Start-up lost 
time for passenger cars, which is typically 2 seconds, could also extend the exclusive ten second 
green time to twelve seconds for bikes; however, this time was not included in the initial 10 
seconds in order to provide bikes with a full ten seconds to account for drivers anticipating the 
green for right turns.  This ten second green time begins concurrently with the through motor 
vehicles‟ green time.  After the ten seconds is complete, the signal will display both a green 
arrow for the right-turning vehicles and the through vehicles.  Although this alternative does not 
completely eliminate the conflicts between bikes and motor vehicles, it does help to protect what 
is usually the largest number of bikes entering the intersection, the initial platoon at the onset of 
green.  Bikes are provided at with a 10 second window in which right-turning motor vehicle 
conflict does not occur.  Figure 5-01 shows the phasing diagram for this alternative.  The total 
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Figure 5-01. Alternative 1 Signal Ring Diagram of 1
st




The second alternative for this intersection was to prevent right-turning vehicles from 
turning right during the green phase for the adjacent through motor vehicles and through bikes.  
This option would completely eliminate the conflicts between right-turning vehicles and through 
bikes.  Pedestrians would also benefit from this alternative as they will only have conflicts with 
right-turning bikes.  However, this alternative‟s major flaw is that it causes motor vehicles 
waiting to turn right to block the shared through and right-turn lanes during the through vehicles‟ 
green phase, significantly reducing an approach‟s capacity.  As with alternative one, this option 
is focused on right-turn conflicts, and the cycle lengths and phasing sequence were not changed.  
Figure 5-02 depicts the ring diagram of alternative two.  The left ring is for the 1
st
 Ring Road, 
and the right ring is for Bailong Lu. 
 
2 1 3 4
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Figure 5-02. Alternative 2 Signal Ring Diagram of 1
st
 Ring-Bailong Lu  
 
Alternative 3 
The third alternative places a right-turn lane on the three approaches that previously 
shared a through lane on three of the approaches.  All three bike lanes would continue to be on 
the outside of all motor vehicle lanes.  However, this alternative also places an existing right-turn 
lane on the 1
st
 Ring‟s northwest bound approach to the right of bicycle through lanes.  The 
addition of right-turn lanes help to reduce conflict by giving drivers a separate lane that indicates 
their intended movements more clearly to bikes.  A separate right-turn lane also allows vehicles 
to turn right on red and helps to reduce the number of motor vehicles turning right on green when 
bikes are traversing the intersection.  Moving the right-turn lane on the northwest bond approach 
to the outside of the through and left-turning bikes also moves the conflict point for that 
movement away from the intersection.  Once through the upstream conflict point, through and 
left-turning bikes do not have interact with right-turning vehicles or other right-turning bikes.  
The right-turning bikes on this approach also maintain a separate lane from motor vehicles that 
are turning right.  The width of the new right-turn lanes are set at 3.5 meters, which is a typical 
lane width in China, and the additional bike right-turn lane was set at 1.3 meters which allows 
for two bikes to pass one another.  The motor vehicle right-turn lane and the bike through and 
2 1 3 4
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left-turn lanes on the northeast bound approach were kept the same width.  The length of the new 
right-turn lanes were modeled after the existing left-turn lanes, which range from about 65 to 85 
meters.  A comparison of the existing configuration and the proposed configurations are depicted 




Figure 5-03. Existing Configuration of the 1
st




Figure 5-04. Alternative 3 Configuration of the 1
st
 Ring Northwest Bound Approach  





Figure 5-05. Existing Geometric Configuration of 1
st




Figure 5-06. Alternative 3 Geometric Configuration of 1
st
 @ Bailong Lu  
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Beijing Lu @ Baiyun Lu Existing Conditions 
 
Of the three intersections, this intersection had the most traffic and conflict points for all 
road users.  To accommodate the high volumes, a wide cross section for Beijing Lu was 
constructed that spans as much as 48 meters in width.  The intersection was recently 
reconfigured to include bus only lanes (BRT) as well as large right-turn islands and a center 
median station for the BRT line on Beijing Lu.  The area also has high pedestrian volumes that 
affect the flow of traffic, and is a result of a large shopping mall and many office and residential 
mid-rise buildings nearby.  Alternatives for this intersection were focused on right-turning 
vehicles and through bikes because the percentages of bike traffic turning left were small 
compared to through and right-turning bikes. 
 
Alternative 1 
 The first alternative that was applied to this intersection includes adding through bike 
lanes to the left of the right-turn lane for motor vehicles and bikes.  In the existing configuration, 
right-turning motor vehicles must move into the bike lanes and mix with bike traffic.  The 
proposed layout would provide a separate lane for through and left-turning bikes in order 
eliminate prolonged conflicts that occur while these vehicles share a lane for all four approaches.  
Additionally, the proposed alternative would force motor vehicles to cross bike paths at a 
singular point upstream of the intersection as opposed to the existing manor in which they access 
this lane.  There is a striped line that indicates the point at which motor vehicles should enter the 
bike lane to turn right, but this point is largely ignored as many motor vehicles will enter before 
and after this point.  A small fence that is used to separate opposing traffic should be installed 
between the right-turn lane and the through bike lane to ensure compliance.  Similarly to 
alternative three at the 1
st
 Ring and Bailong Lu intersection, this configuration moves the conflict 
point upstream from the intersection where traffic densities are lower.  Once through bikes and 
left-turning bikes reach the stop bar at the signal, this alternative allows them to enter the 
intersection unimpeded by the right-turning motor vehicles. Figure 5-07 shows the existing 
layout of the intersection, and figure 5-08 depicts the changes that alternative two would provide. 
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Alternative 2 
 All the existing geometrics of the intersection remained the same for alternative two as 
well as the total cycle length and splits for the traffic signal.  The change that was made involved 
the addition of traffic signals upstream from the intersection at the point where the right-turning 
vehicles must enter the bike lane to turn right.  This signal would have only two phases that 
alternate right-of-way between the bikes and motor vehicles.  The signals are located about 50 to 
60 meters before the stop line of the intersection.  The upstream signal was timed so that bikes 
would arrive near the same time that the main intersection‟s light turns green.  Average speeds 
for bicycles were taken into account, and the optimal time of 10 seconds before the main 
intersection was used, although electric bike may arrive at the main intersection early.  This ten 
second time period is also known as the signal offset. Bike volumes on the Baiyun Lu 
approaches are lower than that on Beijing Lu, therefore, green times on Baiyun Lu are 40 
seconds for bikes and 62 for the motor vehicles, and Beijing Lu bikes split total the cycle length 
with 51 seconds each.  Those time periods were determined to provide the best flow for traffic 
and to reduce the impact that queued, right-turning motor vehicles would have on through motor 
vehicles.  Bikes would have the right-of-way at the upstream intersection during the majority of 
the green phase of the main intersection, but their green signal terminates before the main 
intersection‟s to allow right-turning vehicles an adequate amount of time to turn right before the 
cross traffic enters the intersection.  There are two potential flaws associated with this 
alternative; the possibility that queues could form at the upstream signal and extend into adjacent 
intersections or obstruct through motor vehicles and that this alternative delays right-turning 
vehicles that may have otherwise been minimally delayed by the intersection.  Figure 5-09 is a 
representative diagram of the main and upstream intersection‟s ring diagram.  It should be noted 
that two separate ring diagrams would be used for the Beijing Lu and Baiyun Lu approaches 
because they have different splits. 
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 Figure 5-09. Alternative 2 Signal Ring Diagram for Beijing Lu @ Baiyun Lu 
 
Yuantong Lu @ Qingnian Lu Existing Conditions 
 
 This intersection is located on the northern edge of the central business district, and 
therefore is the most compact intersection in terms of its cross sections.  Additionally, the 
presence of traffic control officers makes operations appear a little more structured than the other 
intersections.  Pedestrians and bikes seemed less likely to ignore traffic signals.  The high traffic 
volumes at this intersection coupled with the somewhat small cross sections makes this 
intersection the most challenging.  All four approaches have four lanes (two in each direction), 
but only the north bound approach of Qingnian Lu has exclusive bike lanes for its entire length.  
1 2 3 4
5 6 7 8
1 2 3 4





Beijing @ Baiyun Main Intersection Signal
Upstream Right-Turn Singal
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Within the intersection, the north bound approach widens to three through lanes, and the right-
most lane is a shared right-turn lane.  The south bound approach of Qingnian Lu and the east 
bound approach of Yuantong Lu both have a separate right-turn lane, and all approaches have 
separate bike lanes within the intersection.  Three alternatives were formed for this intersection 
and they include options for both left-turning and right-turning bike traffic, but no geometric 
changes were made due to the physical constraints caused by nearby buildings. 
 
Alternative 1 
 Alternative 1 includes delayed starts for right-turning vehicles, which allows the bikes to 
enter the intersection first before right-turning motor vehicles are allowed to complete their 
movement.  Similarly to the 1
st
 Ring and Bailong Lu alternative, bikes were given ten seconds to 
enter the intersection before motor vehicles were allowed to turn right.  The conflict between 
bikes and right-turning automobiles is eliminated during that ten second delay and provides 
passage for the initial platoon of bikes, often the largest platoon, to enter the intersection 
unobstructed.  The cycle length and phasing splits were unchanged for this alternative.  This 
option was also chosen for this intersection to determine the impact that it would have on an 
intersection that has longer green times for through traffic.  Figure 5-10 shows the phasing ring 
diagram for this alternative.  The left ring is for Qingnian Lu and the right for Yuantong Lu. 
 
  87 
 
Figure 5-10. Alternative 1 Signal Ring Diagram for Yuantong Lu @ Qingnian Lu 
 
Alternative 2 
 The second alternative is similar to the first.  It allows through bikes to have the right-of-
way for 10 seconds along with through motor vehicles before right-turning vehicles are allowed 
to enter the intersection.  The difference between the two alternatives is that the right-turn signal 
has two phases.  After the right-turning vehicles are delayed for 10 seconds, they are permitted to 
make a right turn until the adjacent through phase ends.  The signal remains red for 20 seconds to 
allow pedestrians crossing perpendicular to the right-turning vehicles time enter the intersection 
or make significant progress through the crosswalk.  Additionally, the initial platoon of bikes on 
the cross street can enter the intersection and may potentially finish traversing the intersection 
before the right-turning vehicles are able to enter.  The second phase of the right-turn lane‟s 
green signal also terminates at the same time the pedestrian phase ends for the cross traffic to 
allow bikes and pedestrians the ability to clear the intersection before cross traffic enters.  This 
alternative was designed to reduce the occurrences of conflicts between bikes and motor vehicles 
mainly on the approaches with an exclusive right-turn lane, because shared lanes are typically 
blocked by through vehicles.  Figure 5-11 shows the phase ring diagram for alternative two. 
 
1 2 3 4
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 Although this intersection had high volumes due to its close proximity to the central 
business district, its limited cross section allowed the possibility of direct left turns.  Alternative 
three includes two separate bike phases, one for each road.  The total cycle length of 118 seconds 
was reallocated, therefore reducing the motor vehicle‟s cycle length.  Thirteen seconds were 
given to each bike phase and allows left-turning bikes to cross in the middle of the intersection 
yielding to oncoming bikes.  Since three of the four approaches do not have a separate bike lane 
upstream from the intersection, each motor vehicle phase leads its concurrent bike phase to 
prevent the large platoon of bikes from slowing or mixing with vehicle traffic.  There is also no 
proposed red clearance interval between the motor vehicle phases and the lagging bike phases to 
help maximize the use of the cycle length.  Also, allowing left-turning bikes to turn left directly 
places them on the opposite side of the intersection when the through cross traffic begins to 
traverse the intersection instead of directly in front of their stop bar which potentially cause 
conflicts and could lead to delay.  Figure 5-12 shows the ring diagram for alternative three. 
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Figure 5-12. Alternative 3 Signal Ring Diagram for Yuantong Lu @ Qingnian Lu 
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Chapter 6 Comparison of Alternatives 
 
The primary goal of this research is to reduce the conflicts that occur between motor 
vehicles and bicycles.  Upon that premise, alternatives were first researched and developed to 
accomplish that goal.  Based on the analysis of existing conditions on each approach, the 
alternatives were then applied to each intersection to determine if those measures would reduce, 
increase, or maintain the present travel times, delay, average travel speed, and queue lengths.  
Although delay, travel time and average speed are all closely related to one another, reporting 
them separately provides additional insight in the alternative‟s performance versus the existing 
conditions.  An alternative that worked well at one intersection may not be appropriate at another 
intersection based on the intersection‟s volumes, geometric configuration, or other parameters.  
Multiple alternatives were applied to each intersection; however, the ones highlighted in this 
report were the most feasible in terms of either reducing or eliminating conflicts.  This section 
will contrast the existing conditions for the both the morning (AM) and evening (PM) peak 
periods with their respective alternatives for the bike through and left-turn movements and the 
motor vehicle through and right-turn movements.  Those four movements were analyzed closely 
because they encounter the most conflict between the two modes.  Appendix C through 
Appendix F of this report provides further detailed tables and figures on the results (queue 
lengths, travel times, speed, and delay) than are provided in this section.  Detailed descriptions of 
each alternative can be found in Chapter 5 of this report.  It should be noted that individual 




 Ring @ Bailong Lu 
 
 Alternative one for this intersection included delayed green starts that allowed the initial 
queued platoons of bicycles and electric bikes to enter the intersection along with the adjacent 
through motor vehicles, while preventing right-turning motor vehicles from completing their 
movement during this initial green time.  Alternative two prevents right-turning vehicles from 
proceeding while the through bikes and through motor vehicles are provided with an exclusive 
green phase.  Right-turning motor vehicles are only allowed to proceed during the cross traffic 
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and left-turn green phases.  Finally, alternative three provides an exclusive right-turn lane for the 
approaches with a shared through lane as well as placing the right-turn lane to the right of the 
bike through lanes for the approach that has an exclusive right-turn lane.  The second option 
completely eliminates the conflict between through bikes and right-turning automobiles, while 
the first decreases the exposure time of the bikes to motor vehicles, and the third forces the 
conflicts to be isolated upstream from the main intersection away from other conflict points and 
where bike traffic is less dense. 
 
Queue Length 
It was expected that the queue lengths for alternative one and alternative two would 
exceed those of the existing conditions for motor vehicles.  For alternative one, right-turning 
vehicles have ten fewer seconds of green time, and on the approaches with no exclusive right-
turn lane, the right-turning vehicles would prevent through vehicles from entering the 
intersection at the onset of the through green.  Since alternative two prevents right-turns with the 
through traffic, the signal forces approaches with one of the through lanes as a shared through 
and right-turn lane to become effectively a one-lane through movement which could reduced the 
through volumes in half. 
For the AM peak period, Bailong Lu‟s southwest bound approach‟s average queue 
lengths were severely affected by the restriction on right turns for alternatives one and two.  The 
average queue lengths on two of the approaches for alternative two indicate that the queues 
spanned the entire length of the approach for the majority of the simulation period, which could 
spill back into neighboring intersections.  The southeast bound approach on the 1
st
 Ring and the 
southwest bound approach on Bailong Lu increased 137% and 174% respectively.  The reason 
the queues for both of these approaches is so high is because the approach does not have a 
dedicated right-turn lane which limits through vehicles, and the total volumes were much higher 
than the other two approaches.  The change in the length of bike queues was mainly negligible. 
Many of the volumes in the PM peak period exceeded those in the morning, and as a 
result, most of the existing queues were longer as well.  The largest increases in the existing PM 
motor vehicles average queue length versus the alternatives occurred on Bailong Lu‟s southwest 
bound approach and the 1
st
 Ring‟s southeast bound approach for alternative two.  The largest 
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percent change, a 217% increase, occurred on Bailong Lu‟s northeast bound approach for 
alternative one, but with very short existing queue lengths on this approach, the change was not 
significant.  Additionally, the bike queues all remained relatively the same. 
Alternative three for both the AM and PM peak periods reduced or allowed the queue 
lengths to remain similar.  It would seem as though it would be the best alternative for this 
intersection, however, with the exception of one approach in the AM peak, alternative one 
provides comparable average queue lengths.  Alternative one also provides better reduction in 
conflicts by providing bikes with an exclusive green time and requires no additional 
construction. 
Tables 6-01 and 6-02 show the queue lengths of each alternative compared to the existing 
queues for both the AM and PM peak periods for bikes and motor vehicles and figures 6-01 and 



































Motor Vehicles 12 12 1.7% 11 -6.9% 10 -15.5%
Bikes 3 2 -14.3% 2 -14.3% 3 7.1%
Motor Vehicles 181 316 74.4% 430 137.4% 23 -87.1%
Bikes 6 5 -16.1% 5 -19.4% 6 -6.5%
Motor Vehicles 79 55 -30.1% 82 4.3% 82 3.3%
Bikes 6 5 -19.4% 5 -19.4% 5 -19.4%
Motor Vehicles 142 192 34.9% 390 174.4% 130 -8.7%
Bikes 5 5 0.0% 5 0.0% 5 0.0%
1st Ring Southeast Bound Approach
Alternative 1 AM Alternative 2 AM Alternative 3 AM
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Northwest Bound Approach
Delayed Right Turn No Right On Green Right-turn Lane Addition




































Motor Vehicles 21 67 217.0% 28 30.2% 24 14.2%
Bikes 6 6 -6.3% 5 -18.8% 6 -6.3%
Motor Vehicles 287 308 7.3% 426 48.3% 24 -91.6%
Bikes 3 3 7.1% 3 7.1% 3 7.1%
Motor Vehicles 269 261 -2.8% 261 -2.9% 273 1.8%
Bikes 9 7 -17.8% 7 -24.4% 6 -35.6%
Motor Vehicles 126 106 -15.4% 390 210.0% 77 -38.6%
Bikes 5 5 4.0% 5 4.0% 5 -4.0%
Alternative 1 PM
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Alternative 2 PM Alternative 3 PM
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach



























Existing 12 181 79 142
Alternative 1 12 316 55 192
Alternative 2 11 430 82 390






















 Morning average travel times increased the most with alternative two.  Through motor 
vehicles on the southwest bound approach of Bailong Lu experienced a very large increase in 
travel time at more than 185% to 552 seconds, and motor vehicles making right turns 
experienced the greatest increase for the 1
st
 Ring‟s southeast bound and the southwest bound 
approach of Bailong Lu at 130% and 211% respectively. Those approaches had the highest 
traffic volumes, and the travel times increased due to the restricted right-turn movements.  
Alternative one saw negligible changes in most of the movements‟ travel times except for a 
moderate increase in right-turning and through motor vehicles on the southwest bound approach 
for Bailong Lu. Alternative three showed the greatest reduction in travel times compared to the 
existing conditions. 
 The PM peak‟s average travel time percentage changes resembled the changes in the 
morning times for all alternatives.  The main exception is the increase occurred on the northeast 
bound approach on Bailong Lu.  Right turning motor vehicles experienced large increases for 



























Existing 21 287 269 126
Alternative 1 67 308 261 106
Alternative 2 28 426 261 390




















































Motor Vehicles 146.7 129.7 -11.6% 150.2 2.3% 147.9 0.8%
Bicycles 157.5 154.0 -2.2% 154.5 -2.0% 159.3 1.1%
Electric Bikes 124.3 120.7 -2.9% 121.4 -2.3% 125.1 0.7%
Motor Vehicles Right 86.8 81.2 -6.4% 92.2 6.2% 93.6 7.9%
Bicycles 144.2 143.1 -0.8% 141.9 -1.6% 144.7 0.4%
Electric Bikes 109.4 108.3 -1.0% 107.5 -1.7% 111.7 2.1%
Motor Vehicles 172.5 196.2 13.7% 368.8 113.9% 169.5 -1.7%
Bicycles 146.4 145.1 -0.9% 144.4 -1.4% 144.3 -1.4%
Electric Bikes 113.6 112.0 -1.4% 111.0 -2.3% 111.3 -2.0%
Motor Vehicles Right 175.6 201.1 14.5% 403.4 129.7% 116.5 -33.7%
Bicycles 153.3 153.2 -0.1% 153.9 0.3% 155.0 1.1%
Electric Bikes 113.8 113.9 0.0% 114.8 0.9% 115.2 1.2%
Motor Vehicles 82.3 80.6 -2.1% 75.2 -8.6% 81.3 -1.3%
Bicycles 165.8 163.3 -1.5% 158.6 -4.4% 166.4 0.3%
Electric Bikes 120.0 118.2 -1.5% 113.8 -5.2% 121.7 1.4%
Motor Vehicles Right 71.5 76.9 7.6% 80.7 12.8% 55.4 -22.5%
Bicycles 206.7 210.0 1.6% 173.0 -16.3% 181.1 -12.4%
Electric Bikes 151.5 153.8 1.5% 123.0 -18.8% 123.1 -18.8%
Motor Vehicles 193.2 295.5 53.0% 551.9 185.7% 105.5 -45.4%
Bicycles 165.0 152.0 -7.9% 145.7 -11.7% 150.5 -8.8%
Electric Bikes 126.6 112.7 -11.0% 106.4 -16.0% 110.6 -12.7%
Motor Vehicles Right 193.2 295.5 52.9% 602.1 211.6% 79.0 -59.1%
Bicycles 185.5 183.5 -1.1% 168.3 -9.3% 189.4 2.1%
Electric Bikes 141.4 140.7 -0.5% 125.2 -11.4% 144.6 2.3%
Alternative 1 AM Alternative 2 AM Alternative 3 AM
Delayed Right Turn No Right On Green Right-turn Lane Addition
1st Ring Northwest Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
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Table 6-04. 1
st




and through bike traffic.  Alternative three provided the shortest overall travel times when 
compared to the other two alternatives and the existing conditions.  Travel time results are shown 
for both AM and PM peak time periods in tables 6-03 and 6-04. 
 
Average Speed 
 Each vehicle type‟s average speed by vehicle class was recorded for the intersection as a 
whole and not for each approach or movement.  The average speed of a vehicle is determined by 
dividing the distance traveled by the time to travel that distance.  This provides information on a 
macro scale that could be used to quickly evaluate how traffic is flowing in each alternative 

















Motor Vehicles 300.2 279.7 -6.8% 275.6 -8.2% 314.1 4.7%
Bicycles 168.1 159.2 -5.3% 157.6 -6.3% 163.9 -2.5%
Electric Bikes 136.2 127.6 -6.3% 126.3 -7.3% 131.3 -3.6%
Motor Vehicles Right 203.6 192.8 -5.3% 192.2 -5.6% 223.6 9.8%
Bicycles 143.2 145.7 1.8% 146.6 2.4% 142.9 -0.2%
Electric Bikes 110.6 110.7 0.1% 111.6 1.0% 113.1 2.2%
Motor Vehicles 165.5 156.8 -5.3% 357.8 116.2% 142.6 -13.8%
Bicycles 147.9 148.5 0.4% 146.0 -1.2% 147.2 -0.4%
Electric Bikes 113.8 115.0 1.1% 112.5 -1.1% 113.5 -0.3%
Motor Vehicles Right 161.3 147.0 -8.9% 399.2 147.4% 86.1 -46.6%
Bicycles 154.2 152.0 -1.5% 151.4 -1.8% 154.8 0.4%
Electric Bikes 118.8 115.5 -2.8% 115.0 -3.2% 119.5 0.6%
Motor Vehicles 94.9 136.9 44.3% 91.6 -3.5% 102.6 8.1%
Bicycles 177.3 187.4 5.7% 166.3 -6.2% 177.2 0.0%
Electric Bikes 134.8 147.9 9.7% 124.2 -7.9% 134.9 0.0%
Motor Vehicles Right 82.1 179.8 119.0% 116.4 41.8% 59.1 -28.0%
Bicycles 209.5 223.4 6.6% 204.9 -2.2% 299.8 43.1%
Electric Bikes 159.9 174.2 9.0% 155.0 -3.0% 258.0 61.4%
Motor Vehicles 277.1 300.0 8.2% 554.5 100.1% 107.9 -61.1%
Bicycles 152.6 146.4 -4.1% 142.9 -6.4% 147.6 -3.3%
Electric Bikes 112.2 106.0 -5.5% 103.3 -8.0% 106.3 -5.2%
Motor Vehicles Right 276.1 298.3 8.0% 621.6 125.1% 79.8 -71.1%
Bicycles 188.3 182.4 -3.1% 174.5 -7.4% 199.0 5.7%
Electric Bikes 146.7 137.8 -6.1% 131.5 -10.4% 155.9 6.2%
Alternative 1 PM Alternative 2 PM Alternative 3 PM











1st Ring Southeast Bound Approach
Bailong Northeast Bound Approach
1st Ring Northwest Bound Approach
No Right On Green
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vehicle‟s travel time will directly proportional to its average speed.  Figures 6-03 and 6-04 
demonstrate graphs that contrast the average speeds for the AM and PM peak hours. 
 Alternative two, which gives the most consideration to bikes, also causes the average 
speeds of cars and buses to be far lower than the existing and other alternative in the morning 
and in the evening while the speeds of the bikes increased slightly.  However, the third 
alternative provides the highest average speeds for motor vehicles during both peak periods, and 
the average bike speeds are very near alternative two‟s speeds.  Alternative one‟s average speeds 




Figure 6-03. Average Speeds for the 1
st




























Existing Alternative 1 Alternative 2 Alternative 3
Existing 16.07 14.09 12.43 16.41
Alternative 1 13.10 11.26 12.78 17.06
Alternative 2 8.89 6.80 13.04 17.48
Alternative 3 19.78 17.29 12.69 16.93
Passenger Cars Buses Bicycles Electric Bikes
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Figure 6-04. Average Speeds for the 1
st




 Delay is the additional time that it takes a vehicle to traverse an intersection due to the 
presence of other vehicles and a traffic signal, and is therefore directly proportional to the travel 
times mentioned earlier.  Level of service qualifies delay and is compared in tables in the 
appendix of this report for the AM and PM peak periods. 
 The existing LOS for most approaches and vehicles is below “C” for both the AM and 
PM peak periods.  Figures 6-05 and 6-06 show the existing delay in comparison to each 
alternative.  For the AM peak period, alternative three provides an overall reduction in delay for 
most approaches.  Conversely, alternative two causes a severe increase in delay on two of the 
approaches for both the through and right-turning automobiles, but most of the delay for bikes is 
reduced.  For the most part, the same is true of the PM peak period, with alternative three 
providing the most improvement in delay and alternative two increasing the delay, fairly 
significantly in some cases, for automobiles.  Alternative one„s values remain reasonably 
























Existing Alternative 1 Alternative 2 Alternative 3
Existing 11.32 10.25 12.24 15.93
Alternative 1 10.99 10.16 12.27 15.95
Alternative 2 7.78 6.28 12.78 16.86
Alternative 3 15.56 13.99 12.30 16.02
Passenger Cars Buses Bicycles Electric Bikes
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Table 6-05. 1
st


























Through 78.3 61.0 -22.1% 81.4 4.0% 79.4 1.4%
Right 23.1 17.9 -22.5% 29.1 25.8% 30.5 31.9%
Through 36.8 33.3 -9.5% 33.4 -9.2% 38.2 4.0%
Left 32.8 32.7 -0.1% 31.7 -3.3% 34.1 3.9%
Through 97.9 121.8 24.4% 294.2 200.5% 94.9 -3.1%
Right 107.6 133.4 24.0% 338.1 214.2% 49.9 -53.6%
Through 30.5 29.2 -4.5% 28.5 -6.7% 28.4 -6.8%
Left 31.5 31.4 -0.6% 32.5 3.2% 33.5 6.2%
Through 37.5 35.9 -4.3% 30.4 -18.9% 36.3 -3.1%
Right 29.7 34.8 17.4% 39.0 31.4% 13.9 -53.0%
Through 36.0 33.6 -6.6% 28.5 -20.8% 36.5 1.3%
Left 66.8 70.4 5.4% 37.2 -44.3% 39.5 -40.9%
Through 130.4 232.5 78.4% 488.4 274.6% 42.0 -67.8%
Right 125.7 228.1 81.4% 533.2 324.1% 13.2 -89.5%
Through 47.8 34.9 -27.1% 28.6 -40.1% 32.8 -31.4%










1st Ring Northwest Bound







Alternative 1 AM Alternative 2 AM Alternative 3 AM


















Through 231.7 211.4 -8.8% 207.4 -10.5% 252.7 9.1%
Right 139.8 129.1 -7.6% 128.2 -8.3% 163.0 16.6%
Through 47.9 38.7 -19.1% 36.9 -22.9% 43.4 -9.4%
Left 33.2 33.2 0.1% 34.3 3.4% 35.8 8.1%
Through 90.7 82.1 -9.5% 283.0 212.0% 69.4 -23.5%
Right 94.0 79.9 -15.0% 331.9 253.0% 20.2 -78.6%
Through 31.6 32.2 1.9% 29.9 -5.6% 32.5 2.7%
Left 33.6 31.5 -6.3% 31.1 -7.4% 35.3 4.9%
Through 50.4 92.5 83.4% 47.1 -6.7% 63.5 26.0%
Right 41.0 138.5 237.5% 75.4 83.7% 19.6 -52.3%
Through 46.2 57.1 23.6% 36.4 -21.3% 45.7 -1.0%
Left 71.0 85.1 19.8% 67.4 -5.2% 163.9 130.7%
Through 214.2 237.0 10.7% 491.3 129.4% 43.8 -79.5%
Right 208.8 230.7 10.5% 551.9 164.3% 13.3 -93.6%
Through 35.6 29.9 -16.0% 26.5 -25.7% 30.5 -14.4%

















Alternative 1 PM Alternative 2 PM Alternative 3 PM
Delayed Right Turn No Right On Green Right-turn Lane Addition
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Beijing Lu @ Baiyun Lu 
  
Only two alternatives were developed for this intersection and they focused on right-
turning vehicles and through and left-turning bikes.  The first alternative involved separating the 
shared bike and right-turn lanes at the intersection and the second alternative kept the same 
geometric configuration but added a signal upstream from the main intersection at the point 
where motor vehicles must enter the bike lanes to turn right.  The first alternative limits the 
conflict between motor vehicles and right-turning bikes to a single point near the main 
intersection, while alternative two eliminates the conflict completely by alternating the right-of-
way between bikes and right-turning motor vehicles.  It should be noted that this intersection had 
the most traffic of the three intersections as well as the widest cross-sections and Beijing Lu is 
the main north-south arterial leading to the central business district of Kunming. 
 
Queue Length 
 Queues were measured from the stop bar at the intersection for all approaches. No 
measurements were taken for right-turning vehicles and bikes because queues rarely formed for 
those movements.  Average queue lengths for the existing conditions for both the morning and 
evening peak periods are well below the total length of each approach with the longest queue 
occurring of the south bound approach of Beijing Lu in the morning.   
 Alternative one decreased the average length for three of the four approaches for motor 
vehicles during the AM peak period, and the average length for bikes also decreased on three of 
the four approaches.  Alternative two‟s average queue lengths for motor vehicles doubled for 
three of the four approaches for motor vehicles, but bike queues for the west bound approach of 
Baiyun Lu increased drastically.  This huge increase in queue length for the bikes could be 
attributed to the fact that the bikes are initially queued upstream in alternative two and reach the 
intersection in a platoon that may be delayed before the main intersection‟s light turns green. 
 During the PM peak, alternative one reduced bike and motor vehicle average queue 
lengths for all approaches.  For alternative two, the queue lengths for all motor vehicles 
increased over the existing conditions, with the north bound approach of Beijing Lu experiencing 
the largest increase, averaging 567% longer queues than the existing.  Bike queues on the north 
  101 
bound and west bound approaches, which have the highest volumes, for alternative two also 
increased significantly. 
 Tables 6-07 and 6-08 show the queue lengths for each approach and certain vehicle types, 
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Table 6-07. Beijing Lu @ Baiyun Lu Average Queue Length Comparison – AM 
 
 


















Motor Vehicles 22 22 -2.7% 44 97.3%
Bikes 11 6 -40.7% 15 35.2%
Motor Vehicles 33 47 41.6% 68 105.4%
Bikes 17 14 -16.3% 17 -3.5%
Motor Vehicles 33 25 -26.3% 60 79.6%
Bikes 17 24 45.2% 58 247.6%
Motor Vehicles 21 19 -5.8% 28 35.9%
Bikes 10 5 -50.0% 4 -56.0%
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun West Bound Approach
Alternative 1 AM
 Separate Right-turn Lane
Alternative 2 AM 
Upstream SignalAM Existing















Motor Vehicles 39 36 -8.2% 262 567.3%
Bikes 22 6 -73.0% 138 519.8%
Motor Vehicles 20 20 -2.0% 47 135.0%
Bikes 5 5 -7.4% 1 -81.5%
Motor Vehicles 25 19 -23.4% 55 121.8%
Bikes 18 9 -47.7% 66 272.7%
Motor Vehicles 13 13 -3.0% 19 41.8%
Bikes 5 5 -11.5% 1 -73.1%




Beijing North Bound Approach
Beijing South Bound Approach
Baiyun West Bound Approach
Baiyun East Bound Approach
  103 
 
Figure 6-05. Beijing Lu @ Baiyun Lu Average Queue Length Comparison for Motor 
Vehicles – AM 
 
 
Figure 6-06. Beijing Lu @ Baiyun Lu Average Queue Length Comparison for Motor 



























Existing 22 33 33 21
Alternative 1 22 47 25 19












































Existing 39 20 25 13
Alternative 1 36 20 19 13
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Travel Time 
 Although some queue lengths may have risen quite substantially for this intersection; this 
does not necessarily equate to large increases in travel time.  This intersection‟s large cross 
sections allow most queues to fully discharge at the end of each green time for the two signal 
cycles.  Travel times for the AM peak period were mostly unchanged from the existing 
conditions for both approaches on Baiyun Lu and on Beijing Lu.  No approach experienced more 
than a 23% percent increase in travel time during the AM peak for both alternatives.  The 
changes in PM peak times followed the same trend as the morning period‟s, with only moderate 
increases for through and right-turning motor vehicles on the north bound approach of Beijing 
Lu for alternative two.  Tables 6-09 and 6-10 on show the travel times for the Beijing Lu and 
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Motor Vehicles 83.8 83.8 0.1% 87.0 3.8%
Bicycles 206.5 215.5 4.4% 210.9 2.2%
Electric Bikes 111.8 118.7 6.2% 111.6 -0.1%
Motor Vehicles Right 101.2 83.7 -17.3% 124.1 22.7%
Bicycles 256.1 263.9 3.1% 264.2 3.2%
Electric Bikes 156.6 163.6 4.5% 172.3 10.1%
Motor Vehicles 91.3 93.6 2.5% 95.1 4.2%
Bicycles 219.9 229.7 4.5% 213.8 -2.8%
Electric Bikes 134.3 146.0 8.7% 120.8 -10.1%
Motor Vehicles Right 81.6 86.0 5.4% 98.6 20.9%
Bicycles 304.3 304.9 0.2% 289.5 -4.9%
Electric Bikes 181.7 194.2 6.9% 174.0 -4.3%
Motor Vehicles 118.5 114.5 -3.3% 121.5 2.5%
Bicycles 268.4 274.9 2.4% 276.9 3.2%
Electric Bikes 128.0 141.7 10.7% 140.1 9.4%
Motor Vehicles Right 122.3 105.2 -14.0% 132.4 8.3%
Bicycles 307.4 309.0 0.5% 322.6 4.9%
Electric Bikes 171.8 175.7 2.3% 189.0 10.0%
Motor Vehicles 117.3 119.6 2.0% 116.6 -0.6%
Bicycles 265.3 269.5 1.6% 272.7 2.8%
Electric Bikes 134.1 132.3 -1.4% 139.4 3.9%
Motor Vehicles Right 106.5 94.4 -11.3% 109.7 3.1%
Bicycles 245.3 249.8 1.9% 261.5 6.6%
Electric Bikes 133.7 136.8 2.3% 151.3 13.2%
AM Existing
Alternative 1 AM
 Separate Right-turn Lane
Alternative 2 AM 
Upstream Signal
Beijing South Bound Approach
Baiyun West Bound Approach
Baiyun East Bound Approach
Through
Left
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Motor Vehicles 93.9 90.8 -3.3% 165.7 76.4%
Bicycles 207.9 219.9 5.8% 210.6 1.3%
Electric Bikes 112.8 122.4 8.5% 110.3 -2.1%
Motor Vehicles Right 111.5 99.1 -11.1% 192.8 73.0%
Bicycles 251.5 264.1 5.0% 257.8 2.5%
Electric Bikes 147.5 158.2 7.3% 158.2 7.2%
Motor Vehicles 82.5 82.2 -0.4% 84.7 2.6%
Bicycles 208.3 213.5 2.5% 209.9 0.8%
Electric Bikes 107.1 111.2 3.9% 103.6 -3.2%
Motor Vehicles Right 71.6 72.9 1.8% 92.3 28.9%
Bicycles 288.7 296.5 2.7% 296.1 2.6%
Electric Bikes 162.4 166.4 2.5% 163.3 0.6%
Motor Vehicles 111.8 111.5 -0.3% 115.4 3.2%
Bicycles 266.7 267.9 0.5% 272.1 2.1%
Electric Bikes 124.1 130.9 5.4% 133.1 7.2%
Motor Vehicles Right 122.2 120.4 -1.4% 139.6 14.3%
Bicycles 299.1 296.6 -0.8% 314.0 5.0%
Electric Bikes 151.3 150.8 -0.4% 166.2 9.8%
Motor Vehicles 108.7 110.9 2.1% 109.1 0.4%
Bicycles 263.5 268.3 1.8% 269.4 2.3%
Electric Bikes 131.3 132.7 1.1% 136.9 4.2%
Motor Vehicles Right 92.9 87.0 -6.4% 99.8 7.4%
Bicycles 237.4 242.6 2.2% 248.3 4.6%
Electric Bikes 124.5 126.5 1.6% 132.5 6.4%
PM Existing
Alternative 1 PM
 Separate Right-turn 
Alternative 2 PM 
Upstream Signal
Through
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun West Bound Approach
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Average Speed 
 Alternative two provided motor vehicles with highest average speeds for both the AM 
and PM peak periods.  This could be credited to the fact that alternative two separates through 
and left-turning bikes from right-turning motor vehicles and they only encounter one another at a 
separate point upstream from the main intersection.  When the two modes are not forced to share 
a lane, motor vehicles are free to travel at higher speeds because they are not hindered by slower 
moving bikes.  The average speeds of bicycles and electric bikes decreased only slightly for both 
alternatives when compared to the existing conditions.  Figures 6-07 and 6-08 portray graphs that 
contrast the average speeds for the AM and PM peak hours. 
 
 



























Existing Alternative 1 Alternative 2
Existing 28.51 21.01 8.25 15.03
Alternative 1 29.07 21.52 8.06 14.29
Alternative 2 26.94 20.58 8.09 14.98
Passenger Cars Buses Bicycles Electric Bikes
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Figure 6-08. Average Speeds for Beijing Lu @ Baiyun Lu – PM 
 
Travel Delay 
 Most of the movements on all the approaches at this intersection have delays that would 
qualify them as LOS “D” or worse for the existing AM and PM peak periods.  However, in the 
evening, the through movements on the south bound approach on Beijing Lu and the east bound 
approach on Baiyun Lu both received a grade of “C”.  As the travel times suggest, any extra 
delay that is caused by either of the two alternatives compared to the existing conditions is 
mostly minuscule.  However, there is a considerable increase of delay for right-turning 
automobiles for both peak periods in alternative two on the Beijing Lu approaches.  The increase 
is more substantial during the PM peak, where the changes are 146% higher for the north bound 
approach and 84% higher for the south bound approach.  These changes reflect the fact that in 
alternative two, right-turning motor vehicles have the possibility of being stopped by a signal as 
well as yielding to cross traffic.  Also, the north bound through movement in the PM peak period 
experienced a large increase in delay which was caused by vehicles waiting to turn right at the 
upstream signal.  Delay results for this intersection for both peak periods are displayed in tables 




























Existing Alternative 1 Alternative 2
Existing 29.23 21.72 8.48 16.84
Alternative 1 29.78 21.47 8.30 16.20
Alternative 2 22.67 18.88 8.21 16.13
Passenger Cars Buses Bicycles Electric Bikes




































Through 32.8 32.7 -0.4% 36.1 9.9%
Right 44.1 28.3 -35.8% 66.9 51.7%
Through 30.8 38.3 24.4% 32.1 4.3%
Left 71.2 77.8 9.2% 84.6 18.7%
Through 39.7 42.3 6.5% 44.0 10.8%
Right 35.3 39.2 11.1% 52.2 47.8%
Through 50.7 62.0 22.3% 39.8 -21.5%
Left 81.5 92.0 12.9% 71.4 -12.3%
Through 43.8 39.6 -9.7% 46.5 6.1%
Right 51.1 34.2 -33.1% 61.2 19.7%
Through 35.0 45.1 28.9% 46.1 31.9%
Left 63.9 66.1 3.5% 80.7 26.3%
Through 39.5 41.4 4.9% 38.4 -2.7%
Right 41.3 29.0 -29.7% 44.8 8.5%
Through 36.9 37.8 2.3% 43.3 17.5%
Left 50.9 55.4 8.9% 68.5 34.6%
AM Existing
Alternative 1 AM
 Separate Right-turn Lane

















































Through 42.7 39.9 -6.7% 114.8 168.8%
Right 54.8 42.8 -22.0% 135.4 146.9%
Through 31.9 42.2 32.3% 31.2 -2.3%
Left 62.5 74.3 19.0% 72.0 15.3%
Through 31.2 30.8 -1.2% 33.2 6.5%
Right 25.0 26.4 5.9% 45.9 84.1%
Through 28.5 32.8 15.2% 26.5 -7.0%
Left 61.5 66.7 8.4% 64.6 5.0%
Through 37.2 37.1 -0.5% 40.8 9.6%
Right 51.0 49.1 -3.7% 68.4 34.2%
Through 32.0 35.9 12.3% 39.6 23.8%
Left 48.1 46.0 -4.2% 63.1 31.3%
Through 31.1 33.3 7.3% 31.5 1.2%
Right 27.8 21.8 -21.7% 34.6 24.5%
Through 34.4 37.1 7.7% 40.1 16.5%
Left 42.5 45.5 7.2% 51.6 21.4%
Motor 
Vehicles
Alternative 2 PM 
Upstream SignalPM Existing
Alternative 1 PM















  111 
Yuantong Lu @ Qingnian Lu 
  
 Three alternatives were formed for this intersection that not only address the right-turn 
conflicts between motor vehicles and bikes, but left turns as well.  This intersection services 
large volumes in the northern part of Kunming‟s central business district, which limits its cross 
sectional widths due to nearby buildings.  The first alternative is similar to alternative one for the 
1
st
 Ring and Bailong Lu intersection, which provides ten seconds for through bikes to enter the 
intersection while right-turning motor vehicles are prohibited.  Alternative two is similar to the 
first alternative, and also allows through bikes to have the right-of-way for ten seconds along 
with through motor vehicles before right-turning vehicles are allowed to enter the intersection.  
The difference between the two alternatives is that the right-turn signal has two phases.  After the 
right-turning vehicles are delayed for 10 seconds, they are permitted to make a right turn until 
the adjacent through phase ends.  The right-turn signal then turns red for 20 seconds to allow 
pedestrians crossing perpendicular to the right-turning vehicles time enter the intersection or 
make significant progress through the crosswalk.  Additionally, the initial platoon of bikes on the 
cross street can enter the intersection and may potentially finish traversing the intersection before 
the right-turning vehicles are able to enter and conflict with them.  The second phase of the right-
turn lane‟s green signal also terminates at the same time the pedestrian phase ends for the cross 
traffic to allow bikes and pedestrians the ability to clear the intersection before cross traffic 
enters.  Alterative three, provides a separate and exclusive bike phase on both approaches.  This 
separate bike phase allows bikes the ability to make direct left-turns through the intersection.  
Alternative one reduces the conflicts between bikes and motor vehicles for ten seconds to allow 
the initial platoon of bikes to enter the intersection, and alternative two goes further to reduce the 
conflicts by providing an additional time period in which right-turning vehicles are not crossing 
bike paths.  Alternative three completely eliminates the occurrence of conflicts by providing 
separate phasing for bikes.  Another fact that affects the results of the simulation is that three of 
the four approaches do not have exclusive bike lanes leading to the intersection, which causes 
additional conflicts beyond the intersection. 
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Queue Length 
 Existing average queue lengths for the AM peak period were relatively low for three of 
the approaches.  Qingnian Lu‟s south bound approach had the longest average queues, which is 
caused by the high volumes traveling south into central Kunming.  As observed during data 
collection, queues on this approach routinely backed into the upstream intersection   For the 
evening period, the north bound approach of Qingnian Lu and the east bound approach of 
Yuantong Lu both had average queue lengths that also indicate that during the simulation, the 
queue lengths of those approaches spanned the total lengths of those approaches, which was 
observed during data collection as well.  Most of the queue lengths for alternative one and 
alternative two did not change significantly for both the morning and evening peak periods.  The 
only exception to that is on the west bound approach of Yuantong Lu for through motor vehicles, 
where alternative one caused a 98% increase and alternative two caused a 78% increase.  All 
approaches for both peak periods were either greatly extended or maintained their average 
queues compared to the existing lengths for alternative three.  Alternative three decreases the 
green time for all motor vehicles, which causes the extended queues in motor vehicle lanes.  
 Similarly to motor vehicle queues, bike queues were only slightly affected by alternatives 
one and two on most of the approaches.  Major increases in queue length occurred on Yuantong 
Lu‟s east bound approach as a result of alternative one and two.  Alternative three greatly 
increased queue lengths for many of the approaches in the AM and PM peak.  However, many of 
the existing bike queue lengths are very short, and slight increases in length may equate to a 
large percentage change, but the actual change in length may be insignificant.  It should be noted 
that since bike lanes on this approach are shared with motor vehicles before the intersection, 
once the bike queues, measured from the stop bar at the intersection, reaches the point where the 
bike lanes are no longer separate, the queue length for the bikes also includes the motor vehicles 
as well. 
Existing conditions and alternatives are compared in tables 6-13 and 6-14, and motor 
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Motor Vehicles 37 39 7.1% 45 23.0% 326 791.3%
Bikes 2 2 0.0% 2 0.0% 4 120.0%
Motor Vehicles 310 303 -2.3% 300 -3.0% 365 17.8%
Bikes 5 5 4.2% 5 4.2% 10 108.3%
Motor Vehicles 137 271 97.8% 245 78.4% 379 176.1%
Bikes 4 4 0.0% 4 0.0% 31 680.0%
Motor Vehicles 53 56 6.4% 69 30.9% 361 580.4%
Bikes 5 4 -4.3% 5 8.7% 33 621.7%
Yuantong East Bound Approach
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong West Bound Approach
Alternative 1 AM
Delayed Right TurnAM Existing
Alternative 2 AM






















Motor Vehicles 286 300 4.7% 320 11.8% 374 30.7%
Bikes 4 5 4.5% 4 -4.5% 9 109.1%
Motor Vehicles 39 51 29.6% 40 2.0% 314 700.0%
Bikes 3 3 0.0% 3 0.0% 6 100.0%
Motor Vehicles 49 78 58.4% 60 22.9% 371 657.6%
Bikes 3 3 0.0% 3 0.0% 38 1166.7%
Motor Vehicles 341 342 0.4% 344 1.0% 381 11.7%




Yuantong West Bound Approach
Yuantong East Bound Approach
Alternative 2 PM
Two Phase Right Turn
Alternative 3 PM
Separate Bike Phase
Qingnian North Bound Approach
Qingnian South Bound Approach
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Figure 6-09. Yuantong Lu @ Qingnian Lu Average Queue Length Comparison for Motor 




Figure 6-10. Yuantong Lu @ Qingnian Lu Average Queue Length Comparison for Motor 


























Existing 37 310 137 53
Alternative 1 39 303 271 56
Alternative 2 45 300 245 69


































Existing 286 39 49 341
Alternative 1 300 51 78 342
Alternative 2 320 40 60 344
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Travel Time 
 Existing travel times showed mostly small changes for all modes between the existing 
conditions for alternatives one and two.  The largest change in average travel time occurred 
during the AM peak period for motor vehicles traveling through and turning right from Yuantong 
Lu‟s west bound approach.  The west bound approach is the only approach at this intersection 
that does not have three motor vehicle lanes on the approach at the intersection, and limiting 
right turns on this approach had a negative effect on the through traffic.  Alternative three 
increased the travel times for virtually every approach and vehicle type for both evening and 
morning periods.  Although bikes have a separate phase on all approaches, the total green time 
for both motor vehicles and bikes was reduced when compared to the existing conditions and 
therefore the capacity for those movements was reduced.  The AM and PM peak periods are 
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Motor Vehicles 166.5 220.8 32.6% 208.6 25.3% 326.3 96.0%
Bicycles 260.3 263.8 1.4% 261.4 0.4% 287.1 10.3%
Electric Bikes 142.4 150.8 5.9% 147.9 3.9% 181.5 27.5%
Motor Vehicles Right 162.3 219.1 35.0% 211.3 30.2% 317.7 95.7%
Bicycles 262.9 267.9 1.9% 267.5 1.7% 257.1 -2.2%
Electric Bikes 167.1 177.4 6.2% 172.4 3.2% 167.0 -0.1%
Motor Vehicles 138.1 139.2 0.8% 141.8 2.6% 255.1 84.7%
Bicycles 264.2 261.2 -1.1% 265.0 0.3% 295.9 12.0%
Electric Bikes 140.1 138.5 -1.1% 143.4 2.4% 203.3 45.2%
Motor Vehicles Right 115.6 116.7 0.9% 133.8 15.7% 224.3 93.9%
Bicycles 304.9 306.4 0.5% 308.8 1.3% 299.4 -1.8%
Electric Bikes 178.9 177.6 -0.7% 184.8 3.3% 209.3 17.0%
Motor Vehicles 138.2 139.4 0.9% 142.0 2.7% 272.4 97.1%
Bicycles 113.0 112.0 -0.9% 112.2 -0.7% 134.4 19.0%
Electric Bikes 78.0 78.3 0.4% 77.9 -0.1% 102.6 31.5%
Motor Vehicles Right 132.6 134.2 1.2% 141.2 6.4% 282.1 112.7%
Bicycles 156.8 155.5 -0.9% 154.6 -1.4% 142.7 -9.0%
Electric Bikes 118.1 118.2 0.1% 118.6 0.5% 111.5 -5.6%
Motor Vehicles 224.2 222.9 -0.6% 225.2 0.4% 297.4 32.6%
Bicycles 184.9 183.4 -0.8% 179.8 -2.7% 204.8 10.8%
Electric Bikes 133.3 132.7 -0.5% 127.5 -4.3% 157.6 18.3%
Motor Vehicles Right 197.4 195.6 -0.9% 206.9 4.8% 266.3 34.9%
Bicycles 250.2 250.0 -0.1% 247.4 -1.1% 236.3 -5.6%





Two Phase Right Turn
Alternative 3 AM
Separate Bike Phase
Yuantong West Bound Approach
Yuantong East Bound Approach









Qingnian South Bound Approach
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Motor Vehicles 135.1 147.7 9.3% 137.7 2.0% 327.9 142.8%
Bicycles 259.2 259.6 0.2% 254.6 -1.8% 288.0 11.1%
Electric Bikes 134.1 135.5 1.0% 131.0 -2.3% 176.7 31.7%
Motor Vehicles Right 134.6 151.9 12.8% 142.8 6.1% 320.3 137.9%
Bicycles 261.1 266.0 1.9% 258.8 -0.9% 254.5 -2.5%
Electric Bikes 155.3 162.0 4.3% 157.7 1.6% 166.6 7.3%
Motor Vehicles 205.4 206.7 0.6% 210.4 2.5% 263.6 28.3%
Bicycles 273.0 271.3 -0.6% 274.9 0.7% 380.4 39.4%
Electric Bikes 182.2 179.1 -1.7% 188.6 3.5% 300.9 65.2%
Motor Vehicles Right 180.6 181.7 0.6% 198.0 9.6% 238.8 32.2%
Bicycles 321.9 313.9 -2.5% 326.4 1.4% 387.9 20.5%
Electric Bikes 224.1 222.3 -0.8% 230.9 3.1% 301.7 34.7%
Motor Vehicles 221.0 230.3 4.2% 237.7 7.6% 318.1 43.9%
Bicycles 124.2 123.5 -0.6% 121.2 -2.4% 142.3 14.5%
Electric Bikes 94.4 93.6 -0.8% 92.2 -2.4% 114.2 20.9%
Motor Vehicles Right 218.3 226.9 3.9% 242.5 11.1% 334.5 53.2%
Bicycles 158.4 159.5 0.7% 157.3 -0.7% 142.8 -9.9%
Electric Bikes 123.1 126.7 3.0% 121.4 -1.4% 109.4 -11.1%
Motor Vehicles 142.4 147.4 3.5% 140.5 -1.3% 273.1 91.8%
Bicycles 182.0 182.1 0.1% 176.2 -3.2% 198.4 9.0%
Electric Bikes 118.2 118.2 0.0% 112.2 -5.1% 140.0 18.5%
Motor Vehicles Right 122.5 125.8 2.6% 132.1 7.8% 239.6 95.6%
Bicycles 244.8 243.5 -0.5% 244.2 -0.2% 239.6 -2.1%
Electric Bikes 166.1 167.4 0.8% 167.2 0.7% 162.6 -2.1%
Alternative 2 PM
Two Phase Right Turn
Alternative 3 PM





Qingnian North Bound Approach




Yuantong East Bound Approach
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Average Speed 
 As expected, the third alternative had the lowest average speeds in all vehicle categories 
for both peak periods because of the reduced capacity that each approached experienced.  
Alternatives one and two had speeds that were relatively consistent with those of the existing 
conditions for both periods as well.  Figures 6-11 and 6-12 graphically depict the average seeds 
for the AM and PM peak periods for each alternative. 
 
 
























Existing Alternative 1 Alternative 2 Alternative 3
Existing 13.97 13.72 9.96 15.78
Alternative 1 12.93 12.80 9.97 15.60
Alternative 2 12.86 12.77 10.02 15.78
Alternative 3 8.01 7.85 9.11 12.80
Passenger Cars Buses Bicycles Electric Bikes
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 The movements that are analyzed for this intersection either have a  level of service grade 
of “E” or “F” for both AM and PM existing conditions.  Alternative three has the longest overall 
delay of the three alternatives.  The through movements for motor vehicles experienced the 
largest increases in delay.  The most significant increases in delay caused by alternative three 
include a more than 400% increase for through motor vehicles traveling south bound on 
Qingnian Lu and a 360 % increase for through motor vehicles on the west bound approach of 
Yuantong Lu during the evening peak when compared to the existing delays.  Both of these 
approaches have considerably lower traffic volumes than the other two approaches during the 
PM peak, therefore, reducing the green time affects their percentage change more severely.   
Alternative one and two caused mostly slight increases in delay for both the AM and PM peak 
periods for all vehicle types.  Alternative three also caused longer delays for bikes as well, but 























Existing Alternative 1 Alternative 2 Alternative 3
Existing 12.88 12.77 9.50 14.52
Alternative 1 12.46 12.23 9.52 14.56
Alternative 2 12.36 12.29 9.62 14.58
Alternative 3 7.81 7.68 8.03 10.77
Passenger Cars Buses Bicycles Electric Bikes
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reasonably maintain the existing conditions for all the approaches, but delay on the west bound 
approach of Yuantong Lu is moderately increased on both alternatives.  Delay results for this 
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Table 6-17. Yuantong Lu @ Qingnian Lu Delay – AM 
 
 

























Through 85.18 F 139.62 F 127.2 F 127.2 F
Right 84.7 F 142.1 F 134.5 F 134.5 F
Through 38.44 D 44.52 E 41.9 E 41.9 E
Left 78.12 F 86.18 F 83.24 F 83.24 F
Through 56.18 E 57.26 E 60.0 E 173.54 F
Right 37.38 D 38.44 D 55.28 E 146.56 F
Through 36.56 D 34.34 D 38.88 D 85.88 F
Left 74.42 F 74.42 F 79.46 F 91.1 F
Through 45.8 D 47.02 D 49.66 D 180.72 F
Right 40.82 D 42.44 D 48.82 D 190.9 F
Through 28.7 C 28.38 C 28.26 C 51.9 E
Left 63.82 F 63.38 F 62.98 F 57.62 E
Through 131.5 F 129.9 F 132.3 F 204.7 F
Right 104.6 F 103.3 F 114.5 F 174.5 F
Through 42.5 E 41.6 E 37.3 D 64.6 F








































Through 53.5 D 66.24 E 56.14 E 56.14 E
Right 57.7 E 74.9 E 66.1 E 66.1 E
Through 33.0 D 33.98 D 29.42 C 29.42 C
Left 70.76 F 76.48 F 71.16 F 71.16 F
Through 123.9 F 124.8 F 128.92 F 182.08 F
Right 102.36 F 104.46 F 120.02 F 161.2 F
Through 63.84 F 61.4 F 69.04 F 176.96 F
Left 106.9 F 103.3 F 112 F 183.72 F
Through 129.34 F 138.42 F 145.74 F 226.42 F
Right 126.02 F 136.3 F 152.06 F 243.4 F
Through 42.3 E 41.54 E 39.7 D 61.34 F
Left 66.8 F 69.54 F 65.4 F 56.1 E
Through 49.3 D 54.2 D 47.2 D 180.3 F
Right 29.3 C 32.8 C 39.4 D 147.8 F
Through 34.1 D 34.1 D 28.3 C 53.2 E

















Alternative 2 PM Alternative 3 PMPM Existing Alternative 1 PM
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Chapter 7 Conclusions 
 
 Chinese citizens and government officials are cognizant of the fact that the growing 
private ownership of automobiles and the increased urbanization of their country has led to 
greater conflicts between automobiles and the country‟s most affordable and flexible form of 
transportation, the bicycle.  The goal of this study was to develop and examine ways to reduce or 
to eliminate the conflicts that occur on a constant basis at intersections in China between bikes 
and motor vehicles.  Although one solution has been developed that completely eliminates 
conflicts at intersections (grade-separated intersections and interchanges that allow bike lanes to 
intersect in and underpass below the motor vehicle traffic) and is currently in use throughout 
China, this measure is not only expensive, but may require large amounts of land that may not be 
available in an urban environment.  A secondary goal was centered on examining the effects that 
minor to moderate changes to the geometric layout as well as signal operational changes would 
have on the intersections‟ overall performance based on vehicle delay and average queue lengths. 
A microsimulation software package, VISSIM, was used to formulate the evaluation parameters.  
The data collection for the simulation took place in Kunming, China, a large city in the southern 
part of China with more than three million people located in the urban area.  This chapter draws 
conclusions from the microsimulation alternatives that were developed for this study as well as 
discusses certain policy and enforcement measures that must be addressed to further increase the 
safety for all road users in the future. 
 
Microsimulation Analysis Recommendations 
  
VISSIM uses microscopic modeling to analyze traffic operations within an intersection or 
entire roadway network.  For the purposes of this thesis, behavioral adjustments for drivers and 
vehicle types were made to better mirror the behavior of Chinese drivers and cyclists. 
Three intersections were examined for this report in the city of Kunming for both the 
morning and evening peak travel periods. Data extrapolated from video recorded at those 
intersections, as well as data measured at the locations, were used to form the existing files for 
the AM and PM peak periods.  Different alternatives were developed to reduce or eliminate 
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conflicts between bikes and motor vehicles at each intersection.  Those alternatives also took into 
account the existing intersection‟s geometric configuration, road user volumes, and the existing 
phasing and timing of the signals.  All the alternatives reduce bike and motor vehicle conflicts to 
some degree, each of the alternatives were then evaluated and compared to the existing 
conditions based on four parameters; queue length and delay as well as travel times and average 
speeds, which are related to delay, for each intersection during the AM and PM peak periods.  
The results were then compared to the corresponding existing condition to determine the 
alternative‟s impact.  Those comparisons were then used to establish whether or not an 
alternative‟s changes successfully balance the need for safety with the need to reasonably 




 Ring and Bailong Lu 
 Alternative one for this intersection allowed through bikes to enter the intersection at the 
onset of green for through automobiles while restricting right-turning automobiles for a short 
time interval.  The initial time interval allows for what is usually the largest platoon of bikes to 
enter the intersection, the platoon waiting at the star bar for the green phase, before motor 
vehicles are permitted to turn right.  Alternative two completely restricted the right-turn 
movements for motor vehicles during the green time for the adjacent through motor vehicle 
phase.  This allowed through bikes with complete right-of-way during that same time period.  
Finally alternative three added right-turn lanes to the three approaches that have shared through 
and right-turn lanes in the existing configuration as well as placed the existing right-turn lane on 
the last approach on the outside of a newly formed bike through and left-turn lane.  Alternative 
three helps to reduce conflicts by allowing right-turning motor vehicles to turn right on red 
which could reduce the number of motor vehicles turning right during the green phase when 
bikes are traversing the intersection.  Additionally, alternative three allows bikes to easily 
recognize a motor vehicle‟s intended path if right-turning motor vehicles are separate from 
through traffic. 
 The best alternative for the 1
st
 Ring and Bailong Lu intersection at reducing conflicts is 
alternative two, which prevents right-turning automobiles from completing their movement 
during the adjacent bike and motor vehicle through phases.  This alternative actually eliminates 
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the preeminent conflict between bikes and motor vehicles, the right-turn conflict, but can also 
causes heavy delays at intersections with no exclusive right-turn lane.  Alternative three, the 
addition of right-turn lanes, proved to provide the best overall results for both AM and PM peak 
periods while at the same time providing a small reduction in conflict by allowing through bikes 
to better decipher the intentions of vehicles in dedicated lanes.  However, upon closer 
examination of the results, alternative two appears to work very well with the one approach that 
has an existing exclusive right-turn lane.  For both peak periods, that approach virtually 
maintained the existing condition while significantly reducing conflict.  Therefore, the 
alternative that best works for this intersection would be a combination of alternative two and 
three.  Restricting right-turning automobiles while also allowing them to queue in a dedicated 
lane provides both safety and functional benefits.  This is the highest cost alternative but 
provides the largest benefits in terms of safety while closely maintaining current operation levels. 
 
Beijing Lu ad Baiyun Lu 
 Only two alternatives were developed for this intersection.  The first alternative involved 
separating the shared bike and right-turn lanes at the intersection and the second alternative kept 
the same geometric configuration but added a signal upstream from the main intersection at the 
point where motor vehicles must enter the bike lanes to turn right.  Alternative one reduced 
conflicts between right-turning automobiles and through bikes by forcing them to cross at a 
single point upstream from the intersection, and alternative two eliminates the conflict by 
alternating right-of-way between bikes and motor vehicles, also upstream. 
 Beijing Lu and Bailong Lu intersection‟s parameters were generally improved by 
alternative one, placing the bike through lanes to the left of the motor vehicle right-turn lanes, 
than by the addition of signals upstream in alternative two.  However, alternative two best 
satisfies the requirements of this study.  Although alternative one met the criteria for the existing 
conditions better, most of the differences between the two alternatives were very small.  
Alternative two is a better choice is because it completely eliminates conflict between bikes and 
automobiles while not significantly reducing the level of service for the intersection.  Alternative 
two effectively balances the tradeoffs between safety and delay. 
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Yuantong Lu and Qingnian Lu 
 Three alternatives were developed for this intersection.  The first alternative provided an 
initial time interval for through bikes to enter the intersection along with through motor vehicles 
while conflicting right-turning vehicles could not enter the intersection during that time.  The 
second alternative is similar to the first and also allows for through bikes to enter the intersection 
along with through automobiles for an initial period of time while right-turning motor vehicles 
are prohibited during that time period.  The difference between the two alternatives is that the 
second alternative has another phase for right-turning motor vehicles.  The first phase ends when 
the adjacent through motor vehicle phase ends, and the second phase begins after a short time 
interval after the cross traffic begins and also ends concurrently with the cross traffic.  The final 
alternative provides two exclusive bike phases, one for each road.  Alternative three allows 
opposing through bike traffic as well as left-turning bike traffic right-of-way for the entire 
intersection.  This alternative not only eliminates through bike and right-turn motor vehicle 
traffic but left-turn bike and through vehicle conflicts as well. 
 The last intersection, Yuantong Lu and Qingnian Lu, have similar results for both 
alternatives one and two for both the AM and PM peak periods.  For most of the parameters, 
alternative one performs slightly better than alternative two, but alternative two does provide 
better reductions in conflicts than alternative one.  The two phases for the right-turning vehicles 
not only help to protect adjacent through bikes, but bikes traveling through on the cross street are 
given time in which they do not conflict with right-turning vehicles.  An added benefit to 
alternative two is that it also helps reduce the conflicts for pedestrians as well. 
 
Education and Enforcement 
 The proliferation of private automobiles in China began in the late 1990‟s; therefore 
many of the drivers on the road have little experience with driving, and consequently tend to 
exhibit risky behavior or poor judgment (Chinese Academy of Engineering 2003).  Perhaps the 
most important component to making the existing conditions as well as the alternatives safer for 
road users is the ability and willingness of the appropriate authorities to enforce proper behavior.  
Although many of China‟s rules of the road are similar to those in the United States, drivers in 
China appear far more likely to break them as a whole.  Government officials, taxi drivers, and 
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law enforcement officers are among the worst offenders.  Many taxi drivers, in an effort to 
service the most customers, blatantly run red-lights long after they have turned red or make 
dangerous maneuvers in the street to reach awaiting passengers.  Police are sometimes the worst 
offenders as they have little accountability in their driving actions.  Private drivers in general 
frequently fail to yield the right-of-way to not only to pedestrians and bikes, but to other vehicles 
as well.  The Chinese driving culture tends to exhibit impatience, which lends itself to drivers 
continually honking their horns and drivers unwilling to wait in motor vehicle lanes will proceed 
to travel in designated bike lanes.  Pedestrians and cyclists are not without fault.  Many 
individuals cross at sections that are not designated crosswalks, and many also ignore the 
pedestrian signals and unlawfully enter the intersections leaving them stranded between moving 
motor vehicles if they are unable to completely cross.  A large number of cyclist tend to travel 
the wrong direction on bike lanes while electric bike riders are also guilty of traveling in motor 
vehicle lanes because many electric bikes are much faster than traditional bicycles.  To help quail 
drivers‟ propensity to ignore rules, well educated drivers who also respect the rules that are better 
enforced by traffic officials, will lead to safer roads for all users in the future. 
 In understanding that it is nearly impossible to change an entire culture of driving 
behaviors in a short time span, the VISSIM files were designed to emulate the existing driving 
behaviors exhibited by Chinese drivers.  It should be noted that VISSIM is not capable of 
modeling some the behaviors mentioned above, such as motor vehicles illegally driving in bike 
lanes and pedestrians crossing at multiple points, therefore there is an understanding that 
enforcement of basic rules, like maintaining one‟s lane and obeying traffic signals, would be 
crucial.   
 The existing conditions have the potential to become safer for all road users, however 
tighter regulations may have adverse effects.  The propensity of drivers not to yield right-of-way 
is a rule, that if regulated more frequently could actually reduce and intersection‟s performance.  
The slower speeds on urban Chinese roads are caused by the mixed traffic as well as the 
congestion.  If drivers become more passive, especially right-turning drivers who proceed to turn 
right on red, queues have the potential to become longer resulting in longer delays.  Also, left-
turning cyclists who use the crosswalks to reduce their delay may conflict with pedestrians and 
right-turning vehicles, but they help to reduce bike queues on their approach to intersections. 
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Of all the alternatives, possibly the easiest to enforce may be the signal timing changes.  
Officers would be able to easily identify and stop a vehicle that has proceeded through a red 
traffic signal.  The most difficult changes to enforce may be the addition of right-turn lanes and 
separate through bike lanes.  Engineers must include barriers in their designs that prevent or 




 In every society in the world, people have the need to get from point A to point B.  
Growing energy prices and consumption concerns as well as increased urbanization have already 
and will continue to produce viable alternative forms of transportation that must share the 
existing infrastructure or require drastic changes.  Nowhere is this clearer than in China, where 
buses, bicycles, motorcycles, large SUVs, micro cars, pedestrians, and other vehicle types 
interact on a continual basis. 
This report looked at those existing conflicts at three intersections in Kunming, a fairly 
large Chinese city, to determine the best approach in helping to keep all road users safe, 
especially vulnerable users like pedestrians and cyclist.  It was clear from the analysis that in 
order to make the roads safer, the conflicts had to be either significantly reduced or eliminated 
altogether.  Although some alternatives may have increased motor vehicle delay, the amount of 
people served by increasing bike throughput could negate or overcompensate for the increased 
motor vehicle delay.  Grade-separated measures accomplish this goal very easily, but the high 
cost and land area needed makes it unreasonable for most intersections in China.  This study 
found that the addition of right-turn lanes along with limiting right-turning automobiles for 
certain time intervals during the signal phasing and alternating right-of-way between right-
turning automobiles and through bikes worked well at accomplishing the goal.  Those options 
are not only cost effective, but they can be implemented relatively easily and with little 
interruption to current traffic during construction.  Conversely, the near saturated traffic flows 
for motor vehicles on many of the approaches at the three intersections do not respond well to 
decreases in green times or longer cycle lengths. 
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As the world continues to modernize and transportation needs and mode choices change, 




Although limited published research has been completed that relates to vehicle and 
bicycle conflicts, the analysis in this report could help to generate more studies and possibly the 
implementation of the some of the alternatives related to bike traffic and mixed traffic flows.  
Additionally, other parameters and areas of interest can be more closely evaluated from the files 
created for this report.  Parameters analyzed in this report were chosen because they allowed for 
clear and concise comparisons that are used by most engineers when evaluating intersections.  
Those parameters included signal capacity, vehicle emissions and fuel statistics, lane change 
frequency, and density.  The areas of interest that can also be further explored include the degree 
to which pedestrians are affected by signals and what effect they have mix traffic flows, the 
efficiency of mixed traffic flows versus homogeneous flows and the influence that an actuated 
signal has on signal performance versus fixed times. 
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Appendix A 
 
Counted and Simulated Road User Volumes 
 












Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 240 682 256 1178Si ulatio  
Volume* 0 336 768 304 1408
% Distribution 0.00% 23.86% 54.55% 21.59%
Volume Counted 12 169 665 280 1126Si ulation 
Volume* 24 216 940 344 1524
% Distribution 1.57% 14.17% 61.68% 22.57%
Volume Counted 0 38 229 45 312Si ulatio  
Volume* 0 52 260 68 380
% Distribution 0.00% 13.68% 68.42% 17.89%
Volume Counted 0 42 401 53 496Si ulatio  
Volume* 0 64 432 72 568
% Distribution 0.00% 11.27% 76.06% 12.68%
Volume Counted 5 236 857 45 1143Si ulation 
Volume* 8 276 960 64 1308
% Distribution 0.61% 21.10% 73.39% 4.89%
Volume Counted 7 236 830 73 1146Si ulation 
Volume* 12 284 932 92 1320
% Distribution 0.91% 21.52% 70.61% 6.97%
Volume Counted 14 45 800 322 1181Si ulatio  
Volume* 28 68 876 348 1320
% Distribution 2.12% 5.15% 66.36% 26.36%
Volume Counted 17 57 859 209 1142Si ulatio  
Volume* 24 68 940 248 1280
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Table A-02. AM Pedestrian Volumes for 1
st




Table A-03. PM Volumes for 1
st















Bailong Lu Southwest Bound 261 340 289 348
Bailong Lu Northeast Bound 124 124 71 116
1st Ring Southeast Bound 100 100 84 104
1st Ring Northwest Bound 104 104 101 144
* Simulation volume is the actual volume entered into VISSIM using peak 15 
minutes
From Left To Right
Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 272 703 283 1258Si ulatio  
Volume* 0 272 703 283 1258
% Distribution 0.00% 21.62% 55.88% 22.50%
Volume Counted 8 123 412 229 772Si ulation 
Volume* 12 176 460 240 888
% Distribution 1.35% 19.82% 51.80% 27.03%
Volume Counted 0 74 357 48 479Si ulatio  
Volume* 0 128 440 56 624
% Distribution 0.00% 20.51% 70.51% 8.97%
Volume Counted 0 42 746 42 830Si ulatio  
Volume* 0 60 1124 52 1236
% Distribution 0.00% 4.85% 90.94% 4.21%
Volume Counted 4 249 803 54 1110Si ulation 
Volume* 4 296 900 72 1272
% Distribution 0.31% 23.27% 70.75% 5.66%
Volume Counted 2 328 735 89 1154Si ulation 
Volume* 8 420 920 104 1452
% Distribution 0.55% 28.93% 63.36% 7.16%
Volume Counted 11 56 995 473 1535Si ulatio  
Volume* 16 72 1092 532 1712
% Distribution 0.93% 4.21% 63.79% 31.07%
Volume Counted 14 55 1009 290 1368Si ulation 
Volume* 24 80 1088 360 1552
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Table A-04. PM Pedestrian Volumes for 1
st




















Bailong Lu Southwest Bound 360 436 194 236
Bailong Lu Northeast Bound 100 148 73 88
1st Ring Southeast Bound 103 144 126 156
1st Ring Northwest Bound 163 240 109 144
From Left To Right
* Simulation volume is the actual volume entered into VISSIM using peak 15 
minutes
Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 0 1820 370 2190Si ulatio  
Volume* 0 0 2096 416 2512
% Distribution 0.00% 0.00% 83.44% 16.56%
Volume Counted 63 192 1441 156 1852Si ulation 
Volume* 72 256 2008 232 2568
% Distribution 2.80% 9.97% 78.19% 9.03%
Volume Counted 0 0 1394 389 1783Si ulatio  
Volume* 0 0 1556 440 1996
% Distribution 0.00% 0.00% 77.96% 22.04%
Volume Counted 6 134 962 150 1252Si ulatio  
Volume* 8 172 1128 160 1468
% Distribution 0.54% 11.72% 76.84% 10.90%
Volume Counted 0 0 753 289 1042Si ulation 
Volume* 0 0 860 336 1196
% Distribution 0.00% 0.00% 71.91% 28.09%
Volume Counted 0 47 106 35 188Si ulation 
Volume* 0 209 455 154 818
% Distribution 0.00% 25.55% 55.62% 18.83%
Volume Counted 0 0 811 441 1252Si ulatio  
Volume* 0 0 908 480 1388
% Distribution 0.00% 0.00% 65.42% 34.58%
Volume Counted 0 64 104 66 234Si ulatio  
Volume* 0 78 119 35 232
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Beijing Lu South Bound 561 608 488 572
Beijing Lu North Bound 613 656 464 500
Baiyun Lu East Bound 436 588 212 240
Baiyun Lu West Bound 469 628 339 416
Northwest Island 506 532 674 812
Northeast Island 711 736 1102 1240
Southwest Island 523 580 411 596
Southeast Island 482 572 478 572
From Left To Right
* Simulation volume is the actual volume entered into VISSIM using peak 15 
minutes
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Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 0 1555 369 1924Si ulatio  
Volume* 0 0 1632 420 2052
% Distribution 0.00% 0.00% 79.53% 20.47%
Volume Counted 0 146 786 112 1044Si ulation 
Volume* 0 156 884 176 1216
% Distribution 0.00% 12.83% 72.70% 14.47%
Volume Counted 0 0 1707 416 2123Si ulatio  
Volume* 0 0 1944 468 2412
% Distribution 0.00% 0.00% 80.60% 19.40%
Volume Counted 0 185 935 243 1363Si ulatio  
Volume* 0 212 1116 340 1668
% Distribution 0.00% 12.71% 66.91% 20.38%
Volume Counted 0 0 718 332 1050Si ulation 
Volume* 0 0 768 352 1120
% Distribution 0.00% 0.00% 68.57% 31.43%
Volume Counted 0 168 413 138 719Si ulation 
Volume* 0 192 504 160 856
% Distribution 0.00% 22.43% 58.88% 18.69%
Volume Counted 0 0 787 489 1276Si ulatio  
Volume* 0 0 864 548 1412
% Distribution 0.00% 0.00% 61.19% 38.81%
Volume Counted 0 43 96 39 178Si ulatio  
Volume* 0 39 134 52 225
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Beijing Lu South Bound 727 852 445 504
Beijing Lu North Bound 462 544 413 472
Baiyun Lu East Bound 399 444 274 376
Baiyun Lu West Bound 421 444 455 540
Northwest Island 698 772 554 604
Northeast Island 1038 1188 976 1088
Southwest Island 505 544 437 576
Southeast Island 458 540 386 436
From Left To Right
* Simulation volume is the actual volume entered into VISSIM using peak 15 
minutes
From Right To Left
  140 










Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 0 1208 382 1590
Simulation Volume* 0 0 1208 382 1590
% Distribution 0.00% 0.00% 75.97% 24.03%
Volume Counted 0 128 1324 195 1647
Simulation Volume* 0 172 1496 248 1916
% Distribution 0.00% 8.98% 78.08% 12.94%
Volume Counted 0 0 899 186 1085
Simulation Volume* 0 0 1032 216 1248
% Distribution 0.00% 0.00% 82.69% 17.31%
Volume Counted 0 92 492 101 685
Simulation Volume* 0 108 568 144 820
% Distribution 0.00% 13.17% 69.27% 17.56%
Volume Counted 0 0 767 404 1171
Simulation Volume* 0 0 824 428 1252
% Distribution 0.00% 0.00% 65.81% 34.19%
Volume Counted 0 119 450 129 698
Simulation Volume* 0 156 536 160 852
% Distribution 0.00% 18.31% 62.91% 18.78%
Volume Counted 0 0 875 182 1057
Simulation Volume* 0 0 916 248 1164
% Distribution 0.00% 0.00% 78.69% 21.31%
Volume Counted 0 88 596 86 770
Simulation Volume* 0 108 636 124 868



































































































Qingnian Lu South Bound 590 712 347 420
Qingnian Lu North Bound 355 396 603 756
Yuantong Lu East Bound 543 604 307 328
Yuantong Lu West Bound 441 488 621 664
From Left To Right
* Simulation volume is the actual volume entered into VISSIM using peak 15 
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Approach Vehicle Type U-Turn Left Through Right Total
Volume Counted 0 0 700 405 1105
Simulation Volume* 0 0 784 424 1208
% Distribution 0.00% 0.00% 64.90% 35.10%
Volume Counted 0 42 620 132 794
Simulation Volume* 0 60 804 152 1016
% Distribution 0.00% 5.91% 79.13% 14.96%
Volume Counted 0 0 1188 248 1436
Simulation Volume* 0 0 1260 280 1540
% Distribution 0.00% 0.00% 81.82% 18.18%
Volume Counted 0 138 1113 240 1491
Simulation Volume* 0 172 1376 260 1808
% Distribution 0.00% 9.51% 76.11% 14.38%
Volume Counted 0 0 927 480 1407
Simulation Volume* 0 0 1068 524 1592
% Distribution 0.00% 0.00% 67.09% 32.91%
Volume Counted 0 105 668 167 940
Simulation Volume* 0 148 828 172 1148
% Distribution 0.00% 12.89% 72.13% 14.98%
Volume Counted 0 0 783 195 978
Simulation Volume* 0 0 852 228 1080
% Distribution 0.00% 0.00% 78.89% 21.11%
Volume Counted 0 77 521 68 666
Simulation Volume* 0 96 556 88 740







































































































Qingnian Lu South Bound 240 292 519 660
Qingnian Lu North Bound 517 632 393 516
Yuantong Lu East Bound 546 608 336 384
Yuantong Lu West Bound 239 280 187 216
From Left To Right
* Simulation volume is the actual volume entered into VISSIM using peak 15 
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Appendix B 
 















 Ring Electric Bikes 
 
Figure B-04. Bailong Lu Motor Vehicles 
 
 
Figure B-05. Bailong Lu Bicycles 
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Figure B-07. Beijing Lu Motor Vehicles 
 
 
Figure B-08. Beijing Lu Bicycles 
 
 
Figure B-09. Beijing Lu Electric Bikes 
 
Figure B-10. Baiyun Lu Motor Vehicles 
 
 
Figure B-11. Baiyun Lu Bicycles 
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Figure B-14. Yuantong Lu Bicycle Curve 
 
 
Figure B-15. Yuantong Lu Electric Bikes 
 
 
Figure B-16. Qingnian Lu Motor Vehicles 
 
 
Figure B-17. Qingnian Lu Bicycles 
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Appendix C 
 




 Ring @ Bailong Lu 






 Ring @ Bailong Lu 














 Ring @ Bailong Lu 






 Ring @ Bailong Lu 














Total Number of 
Stops
Movement
Through 12 54 331
Left 1 21 32
Through 181 438 3057
Left 63 406 834
Through 79 258 1542
Left 3 26 52
Through 142 350 2479
Left 22 187 304
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 12 62 343
Left 1 23 32
Through 316 479 5397
Left 118 396 1631
Through 55 198 1195
Left 3 32 58
Through 192 392 3312
Left 18 118 211
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 11 63 310
Left 2 23 34
Through 430 481 8156
Left 8 55 109
Through 82 243 1629
Left 3 29 49
Through 390 465 6918
Left 12 174 148
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 10 47 265
Left 2 25 39
Through 23 148 640
Left 18 126 304
Through 82 292 1626
Left 4 27 56
Through 130 346 2282
Left 19 120 255
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach
1st Ring Northwest Bound Approach
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Table C-05. 1
st
 Ring @ Bailong Lu 






 Ring @ Bailong Lu 
Alternative 1 AM Bicycle and Electric 


















 Ring @ Bailong Lu 
Alternative 2 AM Bicycle and Electric 





 Ring @ Bailong Lu 
Alternative 3 AM Bicycle and Electric 





















Total Number of 
Stops
Movement
Through 3 11 336
Left 1 7 51
Through 6 28 1045
Left 1 8 73
Through 6 21 1201
Left 1 22 68
Through 5 18 868
Left 2 6 159
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 2 11 316
Left 1 5 47
Through 5 21 925
Left 1 8 70
Through 5 20 990
Left 1 16 61
Through 5 19 857
Left 2 6 159
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 2 11 322
Left 1 5 41
Through 5 22 921
Left 1 6 58
Through 5 20 914
Left 1 21 61
Through 5 19 864
Left 2 6 163
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 3 11 333
Left 1 5 38
Through 6 22 1015
Left 2 9 130
Through 5 21 689
Left 1 9 55
Through 5 16 831
Left 1 6 81
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
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Table C-09. 1
st
 Ring @ Bailong Lu 






 Ring @ Bailong Lu 


















 Ring @ Bailong Lu 






 Ring @ Bailong Lu 



















Total Number of 
Stops
Movement
Through 21 108 615
Left 4 42 90
Through 287 479 5064
Left 132 477 1911
Through 269 392 4704
Left 2 21 27
Through 126 333 2199
Left 30 237 422
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 67 194 2078
Left 3 35 56
Through 308 478 5604
Left 135 476 1958
Through 261 391 4537
Left 3 20 37
Through 106 278 1900
Left 16 90 236
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 28 108 792
Left 3 28 59
Through 426 480 8383
Left 9 59 134
Through 261 393 4535
Left 2 22 30
Through 390 465 6973
Left 45 151 628
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach





Total Number of 
Stops
Movement
Through 24 90 661
Left 5 39 96
Through 24 126 679
Left 23 154 354
Through 273 391 4837
Left 2 23 27
Through 77 282 1468
Left 31 201 408
Motor Vehicle Queue Length
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
1st Ring Southeast Bound Approach
Approach
1st Ring Northwest Bound Approach
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Table C-13. 1
st
 Ring @ Bailong Lu 






 Ring @ Bailong Lu 
Alternative 1 PM Bicycle and Electric 



















 Ring @ Bailong Lu 
Alternative 2 PM Bicycle and Electric 





 Ring @ Bailong Lu 
Alternative 3 PM Bicycle and Electric 





















Total Number of 
Stops
Movement
Through 6 25 1224
Left 1 5 34
Through 3 14 399
Left 1 6 54
Through 9 32 1903
Left 3 32 235
Through 5 17 816
Left 2 9 290
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 6 29 974
Left 2 10 110
Through 3 14 455
Left 0 4 24
Through 7 24 1673
Left 2 25 114
Through 5 19 942
Left 2 6 175
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 5 27 911
Left 2 8 106
Through 3 14 453
Left 0 5 25
Through 7 24 1408
Left 2 25 112
Through 5 19 943
Left 2 6 176
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach





Total Number of 
Stops
Movement
Through 6 25 1004
Left 4 14 43
Through 3 14 446
Left 1 9 96
Through 6 35 852
Left 1 10 74
Through 5 17 793
Left 1 8 192
1st Ring Northwest Bound Approach
1st Ring Southeast Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Bailong Northeast Bound Approach
Bailong Southwest Bound Approach
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Table C-17. Beijing Lu @ Baiyun Lu 




Table C-18. Beijing Lu @ Baiyun Lu 

















Table C-19. Beijing Lu @ Baiyun Lu 




Table C-20. Beijing Lu @ Baiyun Lu 




Table C-21. Beijing Lu @ Baiyun Lu 
Alternative 1 AM Bicycle and Electric 







Total Number of 
Stops
Movement
Through 22 95 1024
BRT Thru 18 68 136
Through 33 169 1458
BRT Thru 10 62 78
BRT Left 2 15 14
Through 33 179 960
Through 21 115 677
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 22 97 980
BRT Thru 15 60 124
Through 47 222 1635
BRT Thru 10 56 75
BRT Left 2 15 15
Through 25 112 757
Through 19 97 650
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 44 171 1143
BRT Thru 16 66 130
Through 68 224 1932
BRT Thru 12 68 82
BRT Left 2 17 14
Through 60 244 1227
Through 28 148 687
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 11 95 1090
Through 17 126 2391
Through 17 179 785
Through 10 90 579
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach





Total Number of 
Stops
Movement
Through 6 51 854
Through 14 93 2116
Through 24 82 610
Through 5 41 394
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach
Beijing South Bound Approach
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Table C-22. Beijing Lu @ Baiyun Lu 
Alternative 2 AM Bicycle and Electric 
Bike Queue Length 
 
 
Table C-23. Beijing Lu @ Baiyun Lu 




Table C-24. Beijing Lu @Baiyun Lu 




Table C-25. Beijing Lu @Baiyun Lu 




Table C-26. Beijing Lu @ Baiyun Lu 




Table C-27. Beijing Lu @Baiyun Lu 
Alternative 1 PM Bicycle and Electric 







Total Number of 
Stops
Movement
Through 15 127 792
Through 17 117 1076
Through 58 244 1623
Through 4 79 355
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach





Total Number of 
Stops
Movement
Through 39 209 1500
BRT Thru 6 41 47
Through 20 93 970
BRT Thru 6 42 52
BRT Left 1 15 12
Through 25 127 763
Through 13 71 480
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 36 170 1401
BRT Thru 6 38 48
Through 20 93 965
BRT Thru 6 43 56
BRT Left 1 15 13
Through 19 142 632
Through 13 69 485
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 262 457 4748
BRT Thru 6 41 48
Through 47 155 1188
BRT Thru 6 43 55
BRT Left 1 15 12
Through 55 250 1020
Through 19 117 520
Motor Vehicle Queue Length
Beijing North Bound Approach
Beijing South Bound Approach
Baiyun East Bound Approach
Approach





Total Number of 
Stops
Movement
Through 22 204 1492
Through 5 56 597
Through 18 145 641
Through 5 62 397
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach





Total Number of 
Stops
Movement
Through 6 61 856
Through 5 43 588
Through 9 75 346
Through 5 47 321
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach
Beijing South Bound Approach
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Table C-28. Beijing Lu @Baiyun Lu 
Alternative 2 PM Bicycle and Electric 
Bike Queue Length 
 
 
Table C-29. Yuantong Lu @ Qingnian Lu 
Existing AM Vehicle Queue Length 
 
 
Table C-30. Yuantong Lu @ Qingnian Lu 





Table C-31. Yuantong Lu @ Qingnian Lu 
Alternative 2 AM Vehicle Queue Length 
 
 
Table C-32. Yuantong Lu @ Qingnian Lu 























Total Number of 
Stops
Movement
Through 138 391 3019
Through 1 28 81
Through 66 257 1385
Through 1 42 126
Baiyun West Bound Approach
Baiyun East Bound Approach
Bicycle and Electric Bike Queue Length
Approach
Beijing North Bound Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 37 193 1083
Bikes 2 9 413
Motor Vehicles 310 413 4035
Bikes 5 19 1160
Motor Vehicles 137 348 2163
Bikes 4 35 435
Motor Vehicles 53 247 1071
Bikes 5 36 492
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 39 202 1132
Bikes 2 9 406
Motor Vehicles 303 415 3980
Bikes 5 18 1164
Motor Vehicles 271 400 3731
Bikes 4 36 433
Motor Vehicles 56 253 1133
Bikes 4 38 469
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 45 222 1191
Bikes 2 9 403
Motor Vehicles 300 413 3830
Bikes 5 17 1140
Motor Vehicles 245 384 3434
Bikes 4 36 428
Motor Vehicles 69 273 1383
Bikes 5 40 511
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 326 411 3582
Bikes 4 11 629
Motor Vehicles 365 416 4913
Bikes 10 25 1790
Motor Vehicles 379 411 4854
Bikes 31 112 1005
Motor Vehicles 361 421 6138
Bikes 33 123 1072
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach
Yuantong West Bound Approach
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Table C-33. Yuantong Lu @ Qingnian Lu 
Existing PM Vehicle Queue Length 
 
 
Table C-34. Yuantong Lu @ Qingnian Lu 
Alternative 1 PM Vehicle Queue Length 
 
 
Table C-35. Yuantong Lu @ Qingnian Lu 




Table C-36. Yuantong Lu @ Qingnian Lu 








Total Number of 
Stops
Vehicle Type
Motor Vehicles 286 411 3295
Bikes 4 16 1121
Motor Vehicles 39 228 904
Bikes 3 11 523
Motor Vehicles 49 192 1022
Bikes 3 30 355
Motor Vehicles 341 417 6525
Bikes 28 119 1095
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 300 411 3395
Bikes 5 16 1087
Motor Vehicles 51 265 1035
Bikes 3 11 517
Motor Vehicles 78 261 1385
Bikes 3 32 351
Motor Vehicles 342 418 6591
Bikes 72 120 1804
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 320 411 3561
Bikes 4 16 1072
Motor Vehicles 40 225 882
Bikes 3 12 514
Motor Vehicles 60 206 1147
Bikes 3 32 355
Motor Vehicles 344 418 6883
Bikes 49 263 1553
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach





Total Number of 
Stops
Vehicle Type
Motor Vehicles 374 411 3886
Bikes 9 23 1662
Motor Vehicles 314 414 3536
Bikes 6 14 845
Motor Vehicles 371 416 4411
Bikes 38 108 906
Motor Vehicles 381 421 8413
Bikes 219 349 6153
Queue Length
Qingnian North Bound Approach
Qingnian South Bound Approach
Yuantong East Bound Approach
Approach
Yuantong West Bound Approach
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Appendix D 
 























 Ring Alternative 3 AM 
Travel Times 
 
Through Left Right U-Turn
Cars 151.2 112.1 89.7 113.8
Trucks 150.3 60.3 81.8 54.1
Bus 176.0 116.9 84.3 24.1
Motorcycle 112.6 82.2 75.0 77.7
Bicycle 157.5 144.2 120.5 139.0

























1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 133.3 101.4 84.0 108.6
Trucks 126.1 89.1 78.4 48.6
Bus 159.2 83.8 79.1 48.9
Motorcycle 98.9 86.3 70.3 97.9
Bicycle 154.0 143.1 118.8 140.1
























1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 154.2 114.3 95.8 114.1
Trucks 149.1 108.0 98.5 0.0
Bus 183.7 87.7 89.1 100.1
Motorcycle 116.2 82.4 77.7 87.0
Bicycle 154.5 141.9 118.8 140.7

























1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 152.5 111.8 97.1 118.6
Trucks 153.3 103.6 91.2 49.8
Bus 182.1 111.2 92.6 89.4
Motorcycle 110.7 93.1 79.0 95.9
Bicycle 159.3 144.7 110.9 145.4

























1st Ring Northwest Bound Approach



























Through Left Right U-Turn
Cars 180.4 150.4 181.2 147.0
Trucks 181.1 160.1 139.4 0.0
Bus 213.2 195.8 84.6 61.0
Motorcycle 116.7 105.0 136.4 79.6
Bicycle 146.4 153.3 128.2 111.1




















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 206.3 168.9 212.3 165.1
Trucks 219.8 160.2 122.9 0.0
Bus 250.2 219.1 222.9 73.5
Motorcycle 127.7 112.6 145.9 112.5
Bicycle 145.1 153.2 128.3 109.1





















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 382.4 298.6 430.4 272.3
Trucks 390.2 286.9 168.9 131.0
Bus 482.6 407.9 476.2 53.3
Motorcycle 234.0 209.6 316.3 122.6
Bicycle 144.4 153.9 128.3 111.6





















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 177.1 153.3 123.5 149.0
Trucks 165.4 161.5 103.2 49.1
Bus 216.5 190.7 76.5 76.4
Motorcycle 115.7 111.4 86.9 104.5
Bicycle 144.3 155.0 130.9 111.2




















1st Ring Southeast Bound Approach
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Figure D-10. Bailong Lu Alternative 1 
AM Travel Times 
 
 
Figure D-11. Bailong Lu Alternative 2 
AM Travel Times 
 
 
Figure D-12. Bailong Lu Alternative 3 
AM Travel Times 
 
Through Left Right
Cars 82.6 69.4 73.3
Trucks 86.9 36.9 22.0
Bus 85.9 67.3 64.8
Motorcycle 67.7 50.2 49.3
Bicycle 165.8 206.7 125.4




















Bailong Northeast Bound Approach
Through Left Right
Cars 81.2 70.0 78.2
Trucks 89.6 50.3 10.0
Bus 84.7 51.7 81.5
Motorcycle 61.9 47.3 53.9
Bicycle 163.3 210.0 124.9




















Bailong Northeast Bound Approach
Through Left Right
Cars 76.2 69.5 82.1
Trucks 72.3 26.8 0.0
Bus 77.7 61.4 71.6
Motorcycle 59.5 42.8 60.0
Bicycle 158.6 173.0 125.0

























Bailong Northeast Bound Approach
Through Left Right
Cars 81.3 71.2 57.1
Trucks 72.2 24.0 0.0
Bus 86.0 58.5 53.7
Motorcycle 68.7 48.0 40.1
Bicycle 166.4 181.1 131.9

























Bailong Northeast Bound Approach
  156 
 




Figure D-14. Bailong Lu Alternative 1 
AM Travel Times 
 
 
Figure D-15. Bailong Lu Alternative 2 
AM Travel Times 
 
 
Figure D-16. Bailong Lu Alternative 3 
AM Travel Times 
 
Through Left Right
Cars 195.7 184.4 194.2
Trucks 206.5 156.3 207.4
Bus 206.0 187.2 222.2
Motorcycle 149.5 134.5 134.5
Bicycle 165.0 185.5 134.8




















Bailong Southwest Bound Approach
Through Left Right
Cars 300.4 259.3 297.0
Trucks 290.9 254.8 298.5
Bus 311.6 256.7 332.1
Motorcycle 224.6 193.5 220.1
Bicycle 152.0 183.5 132.7






















Bailong Southwest Bound Approach
Through Left Right
Cars 561.2 408.5 606.1
Trucks 695.8 360.7 549.1
Bus 566.2 440.6 621.7
Motorcycle 398.6 329.6 476.6
Bicycle 145.7 168.3 131.9























Bailong Southwest Bound Approach
Through Left Right
Cars 106.9 108.0 80.9
Trucks 105.9 101.5 77.2
Bus 111.5 105.6 81.6
Motorcycle 79.3 78.4 56.3
Bicycle 150.5 189.4 137.2

























Bailong Southwest Bound Approach






















 Ring Alternative 3 PM 
Travel Times 
 
Through Left Right U-Turn
Cars 310.7 238.8 212.1 224.8
Trucks 294.4 117.2 238.7 52.8
Bus 340.5 132.0 225.8 76.9
Motorcycle 235.8 190.2 161.2 155.7
Bicycle 168.1 143.2 130.0 147.2























1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 288.0 221.6 201.0 229.7
Trucks 295.9 150.9 212.5 42.9
Bus 312.6 125.4 198.3 78.4
Motorcycle 224.8 168.4 151.5 160.7
Bicycle 159.2 145.7 123.9 145.6






















1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 283.3 217.6 201.1 214.1
Trucks 275.1 160.7 155.6 109.9
Bus 317.8 209.7 207.8 124.5
Motorcycle 218.7 148.8 146.4 142.2
Bicycle 157.6 146.6 122.4 148.2






















1st Ring Northwest Bound Approach
Through Left Right U-Turn
Cars 323.8 246.3 234.4 236.0
Trucks 332.5 135.2 205.8 0.0
Bus 357.5 137.7 240.2 171.5
Motorcycle 246.4 178.3 174.7 158.5
Bicycle 163.9 142.9 114.6 149.2























1st Ring Northwest Bound Approach






















 Ring Alternative 3 PM 
Travel Times 
 
Through Left Right U-Turn
Cars 172.1 148.7 170.6 144.3
Trucks 167.5 155.5 114.2 21.6
Bus 207.1 191.7 97.3 95.3
Motorcycle 111.1 106.1 115.5 110.4
Bicycle 147.9 154.2 127.8 125.6




















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 163.7 136.2 152.8 133.4
Trucks 166.1 117.3 59.4 0.0
Bus 195.2 173.9 149.1 0.0
Motorcycle 107.2 101.1 122.6 102.6
Bicycle 148.5 152.0 127.4 116.3




















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 371.9 290.6 414.2 279.7
Trucks 375.5 345.6 146.1 0.0
Bus 478.3 394.0 244.0 128.3
Motorcycle 223.4 204.5 333.4 111.1
Bicycle 146.0 151.4 127.3 115.3





















1st Ring Southeast Bound Approach
Through Left Right U-Turn
Cars 147.4 140.9 90.9 148.8
Trucks 145.4 112.3 50.7 0.0
Bus 177.3 171.1 63.6 101.3
Motorcycle 102.6 107.1 63.2 91.3
Bicycle 147.2 154.8 131.2 120.1

























1st Ring Southeast Bound Approach
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Figure D-26. Bailong Lu Alternative 1 
PM Travel Times 
 
 
Figure D-27. Bailong Lu Alternative 2 
PM Travel Times 
 
 
Figure D-28. Bailong Lu Alternative 3 
PM Travel Times 
 
Through Left Right
Cars 95.5 77.8 83.1
Trucks 78.1 51.6 47.1
Bus 99.3 72.1 59.3
Motorcycle 84.0 59.4 77.8
Bicycle 177.3 209.5 137.3




















Bailong Northeast Bound Approach
Through Left Right
Cars 137.1 93.9 179.7
Trucks 156.3 29.4 82.5
Bus 136.2 84.1 159.9
Motorcycle 135.1 67.8 180.7
Bicycle 187.4 223.4 152.6




















Bailong Northeast Bound Approach
Through Left Right
Cars 92.6 75.0 117.6
Trucks 104.4 40.3 45.3
Bus 93.4 72.0 122.1
Motorcycle 77.8 60.0 104.5
Bicycle 166.3 204.9 137.8




















Bailong Northeast Bound Approach
Through Left Right
Cars 104.2 77.7 60.4
Trucks 91.4 75.2 23.6
Bus 103.9 74.5 59.4
Motorcycle 86.9 61.2 48.0
Bicycle 177.2 299.8 144.7






















Bailong Northeast Bound Approach
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Figure D-30. Bailong Lu Alternative 1 
PM Travel Times 
 
 
Figure D-31. Bailong Lu Alternative 2 
PM Travel Times 
 
 
Figure D-32. Bailong Lu Alternative 3 
PM Travel Times 
 
Through Left Right
Cars 282.6 255.7 281.0
Trucks 301.6 265.3 256.7
Bus 291.9 274.2 317.9
Motorcycle 209.7 195.9 199.3
Bicycle 152.6 188.3 126.1






















Bailong Southwest Bound Approach
Through Left Right
Cars 306.4 265.4 305.2
Trucks 308.5 275.0 274.6
Bus 317.3 254.9 342.7
Motorcycle 224.6 213.6 204.8
Bicycle 146.4 182.4 128.7























Bailong Southwest Bound Approach
Through Left Right
Cars 568.2 426.2 635.2
Trucks 554.5 265.3 409.3
Bus 582.2 407.8 648.7
Motorcycle 395.2 335.2 451.3
Bicycle 142.9 174.5 128.5






















Bailong Southwest Bound Approach
Through Left Right
Cars 110.5 119.9 81.6
Trucks 107.8 108.9 82.7
Bus 113.2 113.0 86.1
Motorcycle 79.4 89.6 57.3
Bicycle 147.6 199.0 128.5




















Bailong Southwest Bound Approach
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Bicycle 206.5 213.0 256.1




























Bicycle 215.5 211.4 263.9




























Bicycle 210.9 228.9 264.2






















Beijing North Bound Approach
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Bicycle 219.9 168.7 304.3





























Bicycle 229.7 160.9 304.9





























Bicycle 213.8 178.2 289.5























Beijing South Bound Approach
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Bicycle 268.4 220.7 307.4





























Bicycle 274.9 220.0 309.0





























Bicycle 276.9 241.7 322.6























Baiyun West Bound Approach
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Bicycle 265.3 183.5 245.3




























Bicycle 269.5 179.5 249.8




























Bicycle 272.7 203.5 261.5






















Baiyun East Bound Approach
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Bicycle 207.9 211.7 251.5




























Bicycle 219.9 211.4 264.1




























Bicycle 210.6 228.7 257.8






















Beijing North Bound Approach
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Bicycle 208.3 156.1 288.7





























Bicycle 213.5 154.2 296.5





























Bicycle 209.9 168.7 296.1























Beijing South Bound Approach
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Bicycle 266.7 221.2 299.1





























Bicycle 267.9 219.7 296.6





























Bicycle 272.1 240.9 314.0























Baiyun West Bound Approach
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Bicycle 263.5 182.6 237.4




























Bicycle 268.3 181.1 242.6




























Bicycle 269.4 203.8 248.3






















Baiyun East Bound Approach
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Figure D-58. Yuantong Lu Alternative 1 














Figure D-59. Yuantong Lu Alternative 2 
AM Travel Times 
 
 
Figure D-60. Yuantong Lu Alternative 3 














Cars 167.5 0.0 162.8
Trucks 172.3 0.0 82.4
Bus 163.6 174.8 128.2
Motorcycle 137.6 0.0 146.9
Bicycle 260.3 262.9 221.9





















Yuantong West Bound Approach
Through Left Right
Cars 221.1 0.0 219.5
Trucks 222.0 0.0 142.1
Bus 227.1 227.0 227.8
Motorcycle 193.8 0.0 208.9
Bicycle 263.8 267.9 225.9





















Yuantong West Bound Approach
Through Left Right
Cars 209.0 0.0 212.3
Trucks 236.4 0.0 129.6
Bus 213.8 211.6 202.6
Motorcycle 174.6 0.0 184.8
Bicycle 261.4 267.5 225.5





















Yuantong West Bound Approach
Through Left Right
Cars 326.9 0.0 317.9
Trucks 326.8 0.0 246.2
Bus 324.7 333.8 274.4
Motorcycle 303.2 0.0 240.5
Bicycle 287.1 257.1 233.1























Yuantong West Bound Approach
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Figure D-62. Yuantong Lu Alternative 1 














Figure D-63. Yuantong Lu Alternative 2 
AM Travel Times 
 
 
Figure D-64. Yuantong Lu Alternative 3 














Cars 138.9 0.0 116.1
Trucks 149.7 0.0 113.1
Bus 135.9 155.1 113.4
Motorcycle 117.8 0.0 100.7
Bicycle 264.2 304.9 196.9






















Yuantong East Bound Approach
Through Left Right
Cars 140.0 0.0 117.3
Trucks 142.7 0.0 106.1
Bus 135.7 156.7 113.8
Motorcycle 120.3 0.0 101.8
Bicycle 261.2 306.4 195.7






















Yuantong East Bound Approach
Through Left Right
Cars 142.5 0.0 134.3
Trucks 141.7 0.0 130.3
Bus 139.3 159.0 133.8
Motorcycle 123.6 0.0 118.8
Bicycle 265.0 308.8 195.0






















Yuantong East Bound Approach
Through Left Right
Cars 255.0 0.0 224.3
Trucks 259.8 0.0 234.1
Bus 259.6 267.3 238.4
Motorcycle 240.8 0.0 213.1
Bicycle 295.9 299.4 212.6






















Yuantong East Bound Approach
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Figure D-66. Qingnian Lu Alternative 1 














Figure D-67. Qingnian Lu Alternative 2 
AM Travel Times 
 
 
Figure D-68. Qingnian Lu Alternative 3 













Cars 140.0 0.0 133.8
Trucks 138.9 0.0 123.9
Bus 142.1 0.0 132.0
Motorcycle 89.6 0.0 106.4
Bicycle 113.0 156.8 88.3
























Qingnian North Bound Approach
Through Left Right
Cars 141.2 0.0 135.7
Trucks 134.6 0.0 70.2
Bus 141.8 0.0 134.7
Motorcycle 91.5 0.0 100.9
Bicycle 112.0 155.5 88.0
























Qingnian North Bound Approach
Through Left Right
Cars 144.0 0.0 142.9
Trucks 134.2 0.0 97.5
Bus 145.1 0.0 139.8
Motorcycle 90.2 0.0 108.9
Bicycle 112.2 154.6 87.8
























Qingnian North Bound Approach
Through Left Right
Cars 275.4 0.0 284.1
Trucks 288.1 0.0 223.9
Bus 278.7 0.0 283.9
Motorcycle 161.8 0.0 205.1
Bicycle 134.4 142.7 87.8






















Qingnian North Bound Approach
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Figure D-70. Qingnian Lu Alternative 1 













Figure D-71. Qingnian Lu Alternative 2 
AM Travel Times 
 
 
Figure D-72. Qingnian Lu Alternative 3 














Cars 225.5 0.0 198.1
Trucks 230.4 0.0 193.4
Bus 225.5 0.0 201.3
Motorcycle 190.0 0.0 166.7
Bicycle 184.9 250.2 181.8





















Qingnian South Bound Approach
Through Left Right
Cars 224.2 0.0 196.0
Trucks 230.2 0.0 176.3
Bus 224.5 0.0 201.7
Motorcycle 186.0 0.0 167.8
Bicycle 183.4 250.0 184.1





















Qingnian South Bound Approach
Through Left Right
Cars 226.5 0.0 207.7
Trucks 232.4 0.0 147.5
Bus 229.3 0.0 209.3
Motorcycle 185.5 0.0 179.1
Bicycle 179.8 247.4 184.3





















Qingnian South Bound Approach
Through Left Right
Cars 298.5 0.0 266.1
Trucks 300.2 0.0 266.7
Bus 301.8 0.0 272.4
Motorcycle 247.3 0.0 229.9
Bicycle 204.8 236.3 200.9






















Qingnian South Bound Approach
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Figure D-74. Yuantong Lu Alternative 1 
PM Travel Times 
 
 
Figure D-75. Yuantong Lu Alternative 2 
PM Travel Times 
 
 
Figure D-76. Yuantong Lu Alternative 3 














Cars 135.5 0.0 135.3
Trucks 126.4 0.0 135.7
Bus 135.3 149.0 136.1
Motorcycle 114.1 0.0 113.2
Bicycle 259.2 261.1 222.7





















Yuantong West Bound Approach
Through Left Right
Cars 148.2 0.0 152.2
Trucks 142.4 0.0 133.4
Bus 148.0 159.3 132.8
Motorcycle 125.6 0.0 139.2
Bicycle 259.6 266.0 221.8





















Yuantong West Bound Approach
Through Left Right
Cars 138.3 0.0 143.3
Trucks 136.2 0.0 107.0
Bus 135.7 151.4 107.5
Motorcycle 114.9 0.0 129.1
Bicycle 254.6 258.8 221.8





















Yuantong West Bound Approach
Through Left Right
Cars 328.0 0.0 320.0
Trucks 332.6 0.0 130.7
Bus 332.3 342.7 229.2
Motorcycle 305.2 0.0 253.6
Bicycle 288.0 254.5 231.9























Yuantong West Bound Approach
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Figure D-78. Yuantong Lu Alternative 1 
PM Travel Times 
 
 
Figure D-79. Yuantong Lu Alternative 2 
PM Travel Times 
 
 
Figure D-80. Yuantong Lu Alternative 3 














Cars 205.7 0.0 180.9
Trucks 225.2 0.0 189.0
Bus 202.0 219.9 174.0
Motorcycle 192.8 0.0 172.6
Bicycle 273.0 321.9 210.9






















Yuantong East Bound Approach
Through Left Right
Cars 206.8 0.0 181.7
Trucks 193.6 0.0 173.3
Bus 210.2 221.4 204.6
Motorcycle 194.1 0.0 186.9
Bicycle 271.3 313.9 210.2






















Yuantong East Bound Approach
Through Left Right
Cars 210.9 0.0 197.8
Trucks 226.2 0.0 195.2
Bus 205.4 211.4 189.9
Motorcycle 195.0 0.0 200.2
Bicycle 274.9 326.4 210.3






















Yuantong East Bound Approach
Through Left Right
Cars 263.8 0.0 238.5
Trucks 247.7 0.0 253.7
Bus 269.9 279.2 242.9
Motorcycle 238.2 0.0 248.8
Bicycle 380.4 387.9 301.0
























Yuantong East Bound Approach
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Figure D-82. Qingnian Lu Alternative 1 
PM Travel Times 
 
 
Figure D-83. Qingnian Lu Alternative 2 
PM Travel Times 
 
 
Figure D-84. Qingnian Lu Alternative 3 














Cars 224.0 0.0 220.3
Trucks 223.1 0.0 163.2
Bus 226.8 0.0 221.0
Motorcycle 125.0 0.0 128.5
Bicycle 124.2 158.4 90.0




















Qingnian North Bound Approach
Through Left Right
Cars 233.0 0.0 230.2
Trucks 230.1 0.0 218.8
Bus 236.8 0.0 227.5
Motorcycle 130.8 0.0 147.4
Bicycle 123.5 159.5 91.0




















Qingnian North Bound Approach
Through Left Right
Cars 240.2 0.0 245.3
Trucks 248.3 0.0 244.0
Bus 244.7 0.0 244.3
Motorcycle 138.2 0.0 164.6
Bicycle 121.2 157.3 90.3





















Qingnian North Bound Approach
Through Left Right
Cars 321.9 0.0 338.9
Trucks 315.3 0.0 274.1
Bus 318.8 0.0 333.2
Motorcycle 189.7 0.0 217.1
Bicycle 142.3 142.8 103.3























Qingnian North Bound Approach
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Figure D-86. Qingnian Lu Alternative 1 
PM Travel Times 
 
 
Figure D-87. Qingnian Lu Alternative 2 
PM Travel Times 
 
 
Figure D-88. Qingnian Lu Alternative 3 






Cars 143.3 0.0 122.9
Trucks 138.4 0.0 115.2
Bus 143.2 0.0 125.9
Motorcycle 111.7 0.0 98.3
Bicycle 182.0 244.8 184.9





















Qingnian South Bound Approach
Through Left Right
Cars 148.4 0.0 126.2
Trucks 137.5 0.0 117.5
Bus 149.3 0.0 128.9
Motorcycle 112.7 0.0 104.3
Bicycle 182.1 243.5 184.7





















Qingnian South Bound Approach
Through Left Right
Cars 141.4 0.0 132.7
Trucks 132.2 0.0 116.9
Bus 141.9 0.0 134.3
Motorcycle 109.4 0.0 111.1
Bicycle 176.2 244.2 182.1





















Qingnian South Bound Approach
Through Left Right
Cars 274.4 0.0 240.1
Trucks 282.5 0.0 248.1
Bus 270.7 0.0 243.7
Motorcycle 234.6 0.0 200.5
Bicycle 198.4 239.6 186.6





















Qingnian South Bound Approach
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Appendix E 
 




 Ring @ Bailong Lu 





 Ring @ Bailong Lu 





 Ring @ Bailong Lu 












 Ring @ Bailong Lu 





 Ring @ Bailong Lu 





 Ring @ Bailong Lu 
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Table E-07. 1
st
 Ring @ Bailong Lu 





 Ring @ Bailong Lu 
Alternative 3 PM 
 
 













Table E-10. Beijing Lu @Baiyun Lu 
Alternative 1 AM 
 
 
Table E-11. Beijing Lu @Baiyun Lu 
Alternative 2 AM 
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Table E-13. Beijing Lu @Baiyun Lu 
Alternative 1 PM 
 
 
Table E-14. Beijing Lu @Baiyun Lu 
Alternative 2 PM 
 
 













Table E-16. Yuantong Lu @ Qingnian Lu 
Alternative 1 AM 
 
 
Table E-17. Yuantong Lu @ Qingnian Lu 
Alternative 2 AM 
 
 
Table E-18. Yuantong Lu @ Qingnian Lu 
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Table E-19. Yuantong Lu @ Qingnian Lu 
Existing  PM 
 
 
Table E-20. Yuantong Lu @ Qingnian Lu 
Alternative 1 PM 
 
 
Table E-21. Yuantong Lu @ Qingnian Lu 












Table E-22. Yuantong Lu @ Qingnian Lu 
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Appendix F 
 




 Ring Existing AM Delay 
 
 
























Approach Movement Vehicle Delay (s) LOS
Through All 78.3 E
Left All 45.7 D
Right All 23.1 C
U-Turn All 44.5 D
Through Bike 36.8 D
Left Bike 32.8 D
Right Bike 8.8 A
U-Turn Bike 26.6 C
Through Ped 33.1 D
Through Ped 38.1 D
Through All 97.9 F
Left All 71.3 E
Right All 107.6 F
U-Turn All 63.5 E
Through Bike 30.5 D
Left Bike 31.5 D
Right Bike 28.2 C
U-Turn Bike 6.9 A
Through Ped 43.2 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 37.5 D
Left All 24.9 C
Right All 29.7 C
Through Bike 36.0 D
Left Bike 66.8 F
Right Bike 2.9 A
Through Ped 32.7 D
Through Ped 28.0 C
Through All 130.4 F
Left All 116.1 F
Right All 125.7 F
Through Bike 47.8 E
Left Bike 54.1 E
Right Bike 11.6 B
Through Ped 33.1 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 61.0 E
Left All 37.5 D
Right All 17.9 B
U-Turn All 42.0 D
Through Bike 33.3 D
Left Bike 32.7 D
Right Bike 6.8 A
U-Turn Bike 27.9 C
Through Ped 33.1 D
Through Ped 37.1 D
Through All 121.8 F
Left All 89.8 F
Right All 133.4 F
U-Turn All 85.1 F
Through Bike 29.2 C
Left Bike 31.4 D
Right Bike 28.0 C
U-Turn Bike 6.2 A
Through Ped 42.7 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 35.9 D
Left All 24.9 C
Right All 34.8 C
Through Bike 33.6 D
Left Bike 70.4 F
Right Bike 2.3 A
Through Ped 31.7 D
Through Ped 28.0 C
Through All 232.5 F
Left All 189.5 F
Right All 228.1 F
Through Bike 34.9 D
Left Bike 51.9 E
Right Bike 10.0 A
Through Ped 32.7 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
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Table F-05. 1
st


































Approach Movement Vehicle Delay (s) LOS
Through All 81.4 F
Left All 45.9 D
Right All 29.1 C
U-Turn All 48.5 D
Through Bike 33.4 D
Left Bike 31.7 D
Right Bike 6.7 A
U-Turn Bike 28.0 C
Through Ped 33.4 D
Through Ped 38.3 D
Through All 294.2 F
Left All 221.9 F
Right All 338.1 F
U-Turn All 191.0 F
Through Bike 28.5 C
Left Bike 32.5 D
Right Bike 27.1 C
U-Turn Bike 7.0 A
Through Ped 46.0 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 30.4 C
Left All 24.0 C
Right All 39.0 D
Through Bike 28.5 C
Left Bike 37.2 D
Right Bike 2.8 A
Through Ped 29.7 C
Through Ped 27.9 C
Through All 488.4 F
Left All 340.7 F
Right All 533.2 F
Through Bike 28.6 C
Left Bike 36.8 D
Right Bike 10.1 B
Through Ped 32.9 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 79.4 E
Left All 46.6 D
Right All 30.5 C
U-Turn All 51.3 D
Through Bike 38.2 D
Left Bike 34.1 D
Right Bike 1.9 A
U-Turn Bike 32.1 D
Through Ped 36.6 D
Through Ped 33.6 D
Through All 94.9 F
Left All 75.1 E
Right All 49.9 D
U-Turn All 73.8 E
Through Bike 28.4 C
Left Bike 33.5 D
Right Bike 27.4 C
U-Turn Bike 8.1 A
Through Ped 44.8 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 36.3 D
Left All 27.8 C
Right All 13.9 B
Through Bike 36.5 D
Left Bike 39.5 D
Right Bike 11.3 B
Through Ped 34.7 D
Through Ped 28.3 C
Through All 42.0 D
Left All 41.0 D
Right All 13.2 B
Through Bike 32.8 D
Left Bike 58.7 E
Right Bike 15.2 B
Through Ped 44.1 E





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
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Table F-09. 1
st
 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 















 Ring Existing PM Delay 
 
 
















Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 87.41 F 46.62
Truck 98.28 F 47.04
Bus 106.81 F 50.42
Motorcycle 62.16 E 33.79
Bicycle 32.87 D 24.93
E-Bike 36.00 D 24.82
Pedestrian 33.09 D 31.38
All 55.77 E 34.52
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 117.57 F 56.74
Truck 113.01 F 50.43
Bus 143.26 F 64.45
Motorcycle 73.03 E 37.71
Bicycle 28.93 C 22.05
E-Bike 31.75 D 21.82
Pedestrian 32.84 D 31.14
All 65.26 E 37.04
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 195.58 F 104.11
Truck 193.71 F 100.12
Bus 265.39 F 139.08
Motorcycle 122.26 F 63.92
Bicycle 26.10 C 19.66
E-Bike 29.13 C 19.63
Pedestrian 33.43 D 31.66
All 89.77 F 52.36
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 57.05 E 32.81
Truck 76.94 E 38.40
Bus 74.22 E 35.99
Motorcycle 50.38 D 28.23
Bicycle 30.05 D 22.74
E-Bike 32.58 D 22.22
Pedestrian 34.99 D 33.11
All 42.84 D 28.36
Approach Movement Vehicle Delay (s) LOS
Through All 231.7 F
Left All 168.4 F
Right All 139.8 F
U-Turn All 155.5 F
Through Bike 47.9 E
Left Bike 33.2 D
Right Bike 18.5 B
U-Turn Bike 30.5 D
Through Ped 32.5 D
Through Ped 44.0 E
Through All 90.7 F
Left All 70.8 E
Right All 94.0 F
U-Turn All 67.3 E
Through Bike 31.6 D
Left Bike 33.6 D
Right Bike 26.8 C
U-Turn Bike 11.8 B
Through Ped 47.1 E
Through Ped 37.1 D
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 







































Approach Movement Vehicle Delay (s) LOS
Through All 50.4 D
Left All 32.4 C
Right All 41.0 D
Through Bike 46.2 E
Left Bike 71.0 F
Right Bike 11.3 B
Through Ped 31.5 D
Through Ped 29.8 C
Through All 214.2 F
Left All 185.9 F
Right All 208.8 F
Through Bike 35.6 D
Left Bike 59.1 E
Right Bike 3.7 A
Through Ped 30.0 D



















* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
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Table F-15. 1
st
 Ring @ Bailong Lu Total 
Alternative 1 PM Delay 
 
 






























Approach Movement Vehicle Delay (s) LOS
Through All 211.4 F
Left All 150.5 F
Right All 129.1 F
U-Turn All 151.7 F
Through Bike 38.7 D
Left Bike 33.2 D
Right Bike 13.0 B
U-Turn Bike 29.8 C
Through Ped 32.9 D
Through Ped 49.1 E
Through All 82.1 F
Left All 58.8 E
Right All 79.9 E
U-Turn All 54.7 D
Through Bike 32.2 D
Left Bike 31.5 D
Right Bike 26.5 C
U-Turn Bike 9.1 A
Through Ped 59.7 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 92.5 F
Left All 47.8 D
Right All 138.5 F
Through Bike 57.1 E
Left Bike 85.1 F
Right Bike 25.1 C
Through Ped 32.0 D
Through Ped 30.0 C
Through All 237.0 F
Left All 195.8 F
Right All 230.7 F
Through Bike 29.9 C
Left Bike 51.2 E
Right Bike 4.7 A
Through Ped 30.4 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 207.4 F
Left All 143.9 F
Right All 128.2 F
U-Turn All 137.7 F
Through Bike 36.9 D
Left Bike 34.3 D
Right Bike 11.6 B
U-Turn Bike 32.4 D
Through Ped 32.9 D
Through Ped 41.6 E
Through All 283.0 F
Left All 214.4 F
Right All 331.9 F
U-Turn All 192.5 F
Through Bike 29.9 C
Left Bike 31.1 D
Right Bike 26.4 C
U-Turn Bike 8.1 A
Through Ped 50.8 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 47.1 D
Left All 29.3 C
Right All 75.4 E
Through Bike 36.4 D
Left Bike 67.4 F
Right Bike 10.6 B
Through Ped 29.6 C
Through Ped 30.0 C
Through All 491.3 F
Left All 354.0 F
Right All 551.9 F
Through Bike 26.5 C
Left Bike 43.1 E
Right Bike 4.5 A
Through Ped 30.5 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
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Table F-19. 1
st


















 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 





 Ring @ Bailong Lu Total 












Approach Movement Vehicle Delay (s) LOS
Through All 252.7 F
Left All 176.6 F
Right All 163.0 F
U-Turn All 172.1 F
Through Bike 43.4 E
Left Bike 35.8 D
Right Bike 5.2 A
U-Turn Bike 33.0 D
Through Ped 36.2 D
Through Ped 38.2 D
Through All 69.4 E
Left All 67.3 E
Right All 20.2 C
U-Turn All 70.3 E
Through Bike 32.5 D
Left Bike 35.3 D
Right Bike 27.2 C
U-Turn Bike 9.5 A
Through Ped 48.1 E







































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 63.5 E
Left All 33.4 C
Right All 19.6 B
Through Bike 45.7 E
Left Bike 163.9 F
Right Bike 20.9 C
Through Ped 34.9 D
Through Ped 28.9 C
Through All 43.8 D
Left All 53.5 D
Right All 13.3 B
Through Bike 30.5 D
Left Bike 67.9 F
Right Bike 7.6 A
Through Ped 33.2 D





































* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 143.26 F 68.58
Truck 156.06 F 67.04
Bus 160.40 F 73.19
Motorcycle 110.31 F 55.97
Bicycle 35.89 D 26.37
E-Bike 39.75 D 26.34
Pedestrian 33.51 D 31.72
All 78.30 E 43.83
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 149.05 F 71.25
Truck 166.02 F 72.75
Bus 162.78 F 73.62
Motorcycle 113.12 F 57.96
Bicycle 35.38 D 25.82
E-Bike 39.80 D 26.13
Pedestrian 34.92 D 33.13
All 80.32 F 44.76
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 225.67 F 114.41
Truck 240.68 F 117.45
Bus 292.29 F 149.37
Motorcycle 160.40 F 80.57
Bicycle 29.39 C 21.46
E-Bike 33.25 D 21.65
Pedestrian 33.24 D 31.53
All 101.45 F 56.77
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 88.49 F 47.10
Truck 102.15 F 47.55
Bus 102.78 F 49.81
Motorcycle 83.25 F 44.41
Bicycle 35.48 D 26.28
E-Bike 39.29 D 26.11
Pedestrian 35.82 D 33.86
All 57.93 E 35.96
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Approach Movement Vehicle Delay (s) LOS
Through All 32.8 C
Right All 44.1 D
BRT Thru Bus 68.8 E
BRT Left Bus - -
Through Bike 30.8 D
Left Bike 71.2 F
Right Bike 7.5 A
Through Ped 3.3 A
Through Ped 1.5 A
Through All 39.7 D
Right All 35.3 D
BRT Thru Bus 56.4 E
BRT Left Bus 64.1 E
Through Bike 50.7 E
Right Bike 18.5 B
Left Bike 81.5 F
Through Ped 11.8 B





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 43.8 D
Right All 51.1 D
BRT Left Bus 85.9 F
Through Bike 35.0 C
Right Bike 8.5 A
Left Bike 63.9 E
Through Ped 0.8 A
Through Ped 0.4 A
Through Ped 11.0 B
Through Ped 18.6 B
Through All 39.5 D
Right All 41.3 D
BRT Left Bus 77.9 E
Through Bike 36.9 D
Left Bike 50.9 E
Right Bike 9.4 A
Through Ped 2.7 A
Through Ped 0.3 A
Through Ped 26.2 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 32.7 C
Right All 28.3 C
BRT Thru Bus 62.1 E
BRT Left Bus - -
Through Bike 38.3 D
Left Bike 77.8 F
Right Bike 3.6 A
Through Ped 5.9 A
Through Ped 0.5 A
Through All 42.3 D
Right All 39.2 D
BRT Thru Bus 53.8 D
BRT Left Bus 61.7 E
Through Bike 62.0 F
Right Bike 6.5 A
Left Bike 92.0 F
Through Ped 10.0 A
Through Ped 2.0 A
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 





























Approach Movement Vehicle Delay (s) LOS
Through All 39.6 D
Right All 34.2 C
BRT Left Bus 84.9 F
Through Bike 45.1 D
Right Bike 5.6 A
Left Bike 66.1 E
Through Ped 0.3 A
Through Ped 0.3 A
Through Ped 11.4 B
Through Ped 18.9 B
Through All 41.4 D
Right All 29.0 C
BRT Left Bus 77.7 E
Through Bike 37.8 D
Left Bike 55.4 E
Right Bike 5.4 A
Through Ped 3.2 A
Through Ped 0.2 A
Through Ped 25.8 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
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Table F-31. Beijing Lu @Baiyun Lu Total 
Existing AM Delay 
 
 
Table F-32. Beijing Lu @Baiyun Lu Total 
Alternative 1 AM Delay 
 
 
Table F-33. Beijing Lu @Baiyun Lu Total 





















Approach Movement Vehicle Delay (s) LOS
Through All 36.1 D
Right All 66.9 E
BRT Thru Bus 65.7 E
BRT Left Bus - -
Through Bike 32.1 D
Left Bike 84.6 F
Right Bike 25.3 C
Through Ped 4.8 A
Through Ped 2.6 A
Through All 44.0 D
Right All 52.2 D
BRT Thru Bus 61.3 E
BRT Left Bus 65.6 E
Through Bike 39.8 D
Right Bike 26.5 C
Left Bike 71.4 F
Through Ped 9.2 A
Through Ped 1.8 A
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 





























Approach Movement Vehicle Delay (s) LOS
Through All 46.5 D
Right All 61.2 E
BRT Left Bus 94.0 F
Through Bike 46.1 D
Right Bike 31.0 C
Left Bike 80.7 F
Through Ped 0.5 A
Through Ped 0.3 A
Through Ped 11.5 B
Through Ped 20.6 C
Through All 38.4 D
Right All 44.8 D
BRT Left Bus 78.0 E
Through Bike 43.3 E
Left Bike 68.5 F
Right Bike 33.1 C
Through Ped 2.9 A
Through Ped 0.2 A
Through Ped 27.0 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 37.67 D 14.22
Truck 54.30 D 13.86
Bus 61.38 E 22.14
Motorcycle 36.43 D 11.97
Bicycle 29.83 C 24.43
E-Bike 44.99 E 24.72
Pedestrian 18.70 B 17.59
All 30.72 C 18.51
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 35.77 D 14.82
Truck 50.14 D 13.80
Bus 59.45 E 23.00
Motorcycle 34.71 C 11.99
Bicycle 34.72 D 27.78
E-Bike 51.54 E 27.55
Pedestrian 19.13 B 18.03
All 31.89 C 19.66
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 43.36 D 19.45
Truck 60.12 E 19.87
Bus 65.35 E 25.69
Motorcycle 39.16 D 15.24
Bicycle 34.96 D 29.88
E-Bike 45.56 E 26.54
Pedestrian 21.89 C 20.72
All 34.29 C 22.17
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Table F-34. Beijing Lu Existing PM Delay 
 
 



























Approach Movement Vehicle Delay (s) LOS
Through All 42.7 D
Right All 54.8 D
BRT Thru Bus 41.7 D
BRT Left Bus - -
Through Bike 31.9 D
Left Bike 62.5 F
Right Bike 10.0 A
Through Ped 4.9 A
Through Ped 1.1 A
Through All 31.2 C
Right All 25.0 C
BRT Thru Bus 40.3 D
BRT Left Bus 77.5 E
Through Bike 28.5 C
Right Bike 6.3 A
Left Bike 61.5 F
Through Ped 10.3 B





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 37.2 D
Right All 51.0 D
BRT Left Bus 72.0 E
Through Bike 32.0 C
Right Bike 7.8 A
Left Bike 48.1 D
Through Ped 0.2 A
Through Ped 0.4 A
Through Ped 11.0 B
Through Ped 18.6 B
Through All 31.1 C
Right All 27.8 C
BRT Left Bus 67.6 E
Through Bike 34.4 D
Left Bike 42.5 E
Right Bike 5.1 A
Through Ped 2.1 A
Through Ped 0.3 A
Through Ped 24.5 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 39.9 D
Right All 42.8 D
BRT Thru Bus 42.4 D
BRT Left Bus - -
Through Bike 42.2 E
Left Bike 74.3 F
Right Bike 7.4 A
Through Ped 3.5 A
Through Ped 0.3 A
Through All 30.8 C
Right All 26.4 C
BRT Thru Bus 41.3 D
BRT Left Bus 75.2 E
Through Bike 32.8 D
Right Bike 3.3 A
Left Bike 66.7 F
Through Ped 11.8 B





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 37.1 D
Right All 49.1 D
BRT Left Bus 70.2 E
Through Bike 35.9 D
Right Bike 6.0 A
Left Bike 46.0 D
Through Ped 0.4 A
Through Ped 0.4 A
Through Ped 11.0 B
Through Ped 18.4 B
Through All 33.3 C
Right All 21.8 C
BRT Left Bus 65.4 E
Through Bike 37.1 D
Left Bike 45.5 E
Right Bike 3.4 A
Through Ped 1.7 A
Through Ped 0.4 A
Through Ped 24.4 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
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Table F-40. Beijing Lu @Baiyun Lu Total 
Existing PM Delay 
 
 
Table F-41. Beijing Lu @Baiyun Lu Total 
Alternative 1 PM Delay 
 
 
Table F-42. Beijing Lu @Baiyun Lu Total 




















Approach Movement Vehicle Delay (s) LOS
Through All 114.8 F
Right All 135.4 F
BRT Thru Bus 42.8 D
BRT Left Bus - -
Through Bike 31.2 D
Left Bike 72.0 F
Right Bike 26.3 C
Through Ped 3.7 A
Through Ped 2.1 A
Through All 33.2 C
Right All 45.9 D
BRT Thru Bus 42.1 D
BRT Left Bus 77.2 E
Through Bike 26.5 C
Right Bike 21.1 C
Left Bike 64.6 F
Through Ped 7.6 A





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Approach Movement Vehicle Delay (s) LOS
Through All 40.8 D
Right All 68.4 E
BRT Left Bus 73.5 E
Through Bike 39.6 D
Right Bike 28.7 C
Left Bike 63.1 E
Through Ped 0.3 A
Through Ped 0.4 A
Through Ped 10.9 B
Through Ped 20.5 C
Through All 31.5 C
Right All 34.6 C
BRT Left Bus 70.1 E
Through Bike 40.1 E
Left Bike 51.6 E
Right Bike 28.1 C
Through Ped 1.9 A
Through Ped 0.3 A
Through Ped 24.7 C





























* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
Bicycles and Electric Bikes
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 36.32 D 12.79
Truck 55.42 E 12.24
Bus 54.93 D 16.00
Motorcycle 33.54 C 10.39
Bicycle 23.76 C 19.30
E-Bike 32.22 D 18.59
Pedestrian 19.44 B 18.35
All 26.71 C 16.80
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 34.52 C 13.00
Truck 54.35 D 12.79
Bus 56.33 E 18.44
Motorcycle 32.86 C 10.49
Bicycle 28.06 C 22.86
E-Bike 36.52 D 21.19
Pedestrian 17.73 B 16.66
All 26.23 C 16.61
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 65.40 E 23.23
Truck 86.27 F 23.75
Bus 72.57 E 22.79
Motorcycle 42.93 D 16.22
Bicycle 30.93 D 26.53
E-Bike 37.09 D 23.51
Pedestrian 21.80 C 20.71
All 36.91 D 22.02
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Table F-45. Yuantong Lu Alternative 1 
AM Delay  
 
 

















Approach Movement Vehicle Delay (s) LOS
Through All 85.2 F
Left Bus 92.9 F
Right All 84.7 F
Through Bike 38.4 D
Left Bike 78.1 F
Right Bike 14.2 B
Through Ped 26.6 C
Through Ped 25.9 C
Through All 56.2 E
Left Bus 72.7 E
Right All 37.4 D
Through Bike 36.6 D
Left Bike 74.4 F
Right Bike 14.0 B
Through Ped 2.5 A
Through Ped 27.1 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 45.8 D
Right All 40.8 D
Through Bike 28.7 C
Left Bike 63.8 F
Right Bike 6.4 A
Through Ped 28.1 C
Through Ped 32.9 D
Through All 131.5 F
Right All 104.6 F
Through Bike 42.5 E
Left Bike 70.9 F
Right Bike 15.6 B
Through Ped 26.9 C
Through Ped 26.3 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 139.6 F
Left Bus 145.5 F
Right All 142.1 F
Through Bike 44.5 E
Left Bike 86.2 F
Right Bike 22.4 C
Through Ped 25.8 C
Through Ped 25.7 C
Through All 57.3 E
Left Bus 74.6 E
Right All 38.4 D
Through Bike 34.3 D
Left Bike 74.4 F
Right Bike 12.6 B
Through Ped 2.2 A
Through Ped 27.2 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 47.0 D
Right All 42.4 D
Through Bike 28.4 C
Left Bike 63.4 F
Right Bike 6.5 A
Through Ped 27.9 C
Through Ped 30.9 D
Through All 129.9 F
Right All 103.3 F
Through Bike 41.6 E
Left Bike 71.9 F
Right Bike 15.4 B
Through Ped 26.7 C
Through Ped 25.4 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
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Table F-47. Yuantong Lu Alternative 2 
AM Delay  
 
 

















Table F-49. Yuantong Lu Alternative 3 
AM Delay  
 
 

















Approach Movement Vehicle Delay (s) LOS
Through All 127.2 F
Left Bus 129.6 F
Right All 134.5 F
Through Bike 41.9 E
Left Bike 83.2 F
Right Bike 22.1 C
Through Ped 27.2 C
Through Ped 25.2 C
Through All 60.0 E
Left Bus 77.0 E
Right All 55.3 E
Through Bike 38.9 D
Left Bike 79.5 F
Right Bike 11.9 B
Through Ped 2.1 A
Through Ped 27.2 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 49.7 D
Right All 48.8 D
Through Bike 28.3 C
Left Bike 63.0 F
Right Bike 6.1 A
Through Ped 28.6 C
Through Ped 29.3 C
Through All 132.3 F
Right All 114.5 F
Through Bike 37.3 D
Left Bike 69.8 F
Right Bike 15.1 B
Through Ped 26.6 C
Through Ped 25.4 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 245.3 F
Left Bus 251.9 F
Right All 241.5 F
Through Bike 72.0 F
Left Bike 78.7 F
Right Bike 34.9 D
Through Ped 42.2 E
Through Ped 36.3 D
Through All 173.5 F
Left Bus 185.5 F
Right All 146.6 F
Through Bike 85.9 F
Left Bike 91.1 F
Right Bike 28.3 C
Through Ped 1.8 A
Through Ped 45.1 E
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 180.7 F
Right All 190.9 F
Through Bike 51.9 E
Left Bike 57.6 E
Right Bike 6.2 A
Through Ped 43.0 E
Through Ped 46.0 E
Through All 204.7 F
Right All 174.5 F
Through Bike 64.6 F
Left Bike 64.3 F
Right Bike 36.5 D
Through Ped 42.2 E
Through Ped 38.2 D
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
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Table F-51. Yuantong Lu @ Qingnian Lu 
Total Existing AM Delay 
 
 
Table F-52. Yuantong Lu @ Qingnian Lu 
Total Alternative 1 AM Delay 
 
 
Table F-53. Yuantong Lu @ Qingnian Lu 
Total Alternative 2 AM Delay 
 
 
Table F-54. Yuantong Lu @ Qingnian Lu 



































Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 72.83 E 29.84
Truck 100.73 F 33.19
Bus 80.59 F 30.86
Motorcycle 69.77 E 23.90
Bicycle 31.88 D 25.93
E-Bike 42.01 E 26.32
Pedestrian 26.49 C 24.93
All 47.73 D 27.14
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 85.30 F 34.76
Truck 113.27 F 37.45
Bus 92.05 F 35.31
Motorcycle 79.48 E 27.29
Bicycle 31.65 D 25.82
E-Bike 43.40 E 26.32
Pedestrian 25.97 C 24.49
All 52.43 D 28.81
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 86.40 F 36.24
Truck 113.56 F 38.23
Bus 92.80 F 36.77
Motorcycle 79.66 E 27.46
Bicycle 30.72 D 25.26
E-Bike 41.93 E 25.54
Pedestrian 26.06 C 24.60
All 52.44 D 29.16
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 184.47 F 90.21
Truck 212.24 F 93.44
Bus 192.57 F 92.85
Motorcycle 162.44 F 72.21
Bicycle 48.55 E 43.74
E-Bike 70.04 F 45.37
Pedestrian 39.72 D 37.71
All 96.38 F 57.96
Approach Movement Vehicle Delay (s) LOS
Through All 53.5 D
Left Bus 67.4 E
Right All 57.7 E
Through Bike 33.0 D
Left Bike 70.8 F
Right Bike 14.1 B
Through Ped 28.0 C
Through Ped 25.0 C
Through All 123.9 F
Left Bus 138.1 F
Right All 102.4 F
Through Bike 63.8 F
Left Bike 106.9 F
Right Bike 25.7 C
Through Ped 1.8 A
Through Ped 29.0 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 129.3 F
Right All 126.0 F
Through Bike 42.3 E
Left Bike 66.8 F
Right Bike 9.7 A
Through Ped 29.7 C
Through Ped 35.7 D
Through All 49.3 D
Right All 29.3 C
Through Bike 34.1 D
Left Bike 60.5 F
Right Bike 10.9 B
Through Ped 27.3 C
Through Ped 27.0 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
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Table F-57. Yuantong Lu Alternative 1 
PM Delay  
 
 

















Table F-59. Yuantong Lu Alternative 2 
PM Delay  
 
 
















Approach Movement Vehicle Delay (s) LOS
Through All 66.2 E
Left Bus 77.6 E
Right All 74.9 E
Through Bike 34.0 D
Left Bike 76.5 F
Right Bike 15.4 B
Through Ped 26.6 C
Through Ped 25.3 C
Through All 124.8 F
Left Bus 139.8 F
Right All 104.5 F
Through Bike 61.4 F
Left Bike 103.3 F
Right Bike 23.5 C
Through Ped 1.8 A
Through Ped 29.4 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 138.4 F
Right All 136.3 F
Through Bike 41.5 E
Left Bike 69.5 F
Right Bike 9.8 A
Through Ped 30.3 D
Through Ped 33.1 D
Through All 54.2 D
Right All 32.8 C
Through Bike 34.1 D
Left Bike 61.1 F
Right Bike 10.2 B
Through Ped 26.6 C
Through Ped 26.0 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 56.1 E
Left Bus 69.7 E
Right All 66.1 E
Through Bike 29.4 C
Left Bike 71.2 F
Right Bike 12.5 B
Through Ped 28.0 C
Through Ped 24.7 C
Through All 128.9 F
Left Bus 129.8 F
Right All 120.0 F
Through Bike 69.0 F
Left Bike 112.0 F
Right Bike 24.1 C
Through Ped 1.7 A
Through Ped 28.8 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 145.7 F
Right All 152.1 F
Through Bike 39.7 D
Left Bike 65.4 F
Right Bike 9.2 A
Through Ped 30.0 C
Through Ped 31.5 D
Through All 47.2 D
Right All 39.4 D
Through Bike 28.3 C
Left Bike 60.9 F
Right Bike 8.3 A
Through Ped 26.6 C
Through Ped 26.2 C
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 
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Table F-61. Yuantong Lu Alternative 3 
PM Delay  
 
 
















Table F-63. Yuantong Lu @ Qingnian Lu 
Total Existing PM Delay 
 
 
Table F-64. Yuantong Lu @ Qingnian Lu 
Total Alternative 1 PM Delay 
 
 
Table F-65. Yuantong Lu @ Qingnian Lu 
Total Alternative 2 PM Delay 
 
 
Table F-66. Yuantong Lu @ Qingnian Lu 
Total Alternative 3 PM Delay 
 
 
Approach Movement Vehicle Delay (s) LOS
Through All 246.9 F
Left Bus 260.8 F
Right All 244.5 F
Through Bike 69.2 F
Left Bike 76.3 F
Right Bike 32.4 D
Through Ped 45.4 E
Through Ped 34.9 D
Through All 182.1 F
Left Bus 198.3 F
Right All 161.2 F
Through Bike 177.0 F
Left Bike 183.7 F
Right Bike 114.4 F
Through Ped 1.9 A
Through Ped 48.5 E
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 

































Approach Movement Vehicle Delay (s) LOS
Through All 226.4 F
Right All 243.4 F
Through Bike 61.3 F
Left Bike 56.1 E
Right Bike 22.8 C
Through Ped 46.8 E
Through Ped 44.8 E
Through All 180.3 F
Right All 147.8 F
Through Bike 53.2 E
Left Bike 58.8 E
Right Bike 16.7 B
Through Ped 41.0 E
Through Ped 37.5 D
* All includes Cars, Trucks Buses and Motorcycles and Bike includes 



































Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 85.99 F 31.31
Truck 111.37 F 32.88
Bus 91.16 F 33.84
Motorcycle 71.43 E 22.59
Bicycle 34.25 D 26.71
E-Bike 49.06 E 26.72
Pedestrian 27.22 C 25.58
All 55.69 E 28.21
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 91.85 F 35.10
Truck 112.26 F 33.31
Bus 98.70 F 38.11
Motorcycle 78.50 E 24.41
Bicycle 33.92 D 26.60
E-Bike 48.79 E 26.37
Pedestrian 26.90 C 25.32
All 57.76 E 29.52
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 93.08 F 35.27
Truck 119.92 F 36.57
Bus 97.32 F 36.63
Motorcycle 80.39 F 26.65
Bicycle 32.13 D 25.26
E-Bike 48.62 E 26.22
Pedestrian 26.58 C 25.07
All 57.65 E 29.24
Vehicle
Average Time 
Per Vehicle (s) LOS
Average Time Stopped 
Per Vehicle (s)
Car 190.86 F 93.08
Truck 220.84 F 95.82
Bus 198.05 F 95.04
Motorcycle 167.26 F 70.99
Bicycle 66.44 F 59.97
E-Bike 91.62 F 63.53
Pedestrian 40.28 E 38.18
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